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The great scientitic advances of the iwcniicih ceniuf) have 
enabled us to sec far more deeply than ever before into the 
nature of matter and of hfc. They have also endowed mankind 
with power to alter the environment, and the living organisms in u, in 
ways almost unimaginable to our ancestors. With increased power 
comes increased responsibihty for the wise use of that power. The 
release of nuclear energy , one of the great turning points in human 
history , has thrust upon us the necessity of preventing the destruction 
of civihzation by nuclear weapiins. The emerging understanding of 
l;fc processes, and their apphcation in modem biotechnology, will 
permit us to modify living organisms in ways that may result in great 
benefit or great harm. 

The wise use of these great and rapidly increasing powers in a 
democratic society is everybody's business. A special responsibility, 
however, falls upon the scientific community. Scientists have placed 
these new powers in the hands of mankind. Some scientists, at least, 
must assume the responsibility of piiinting out, to the world at large, 
new opportunities and dangers that may not at first be obvious to the 
public. The use of this new power to change the world raises new 
ethical problems and dilemmas. The solutions are not simple, and 
scientists are not always wise when they attempt to deal with new 
social problems arising from their discoveries. Passionate disagree- 
ments can arise among conscientious and thoughtful people when 
they debate these issues. 

The American Association Ibr the Advancement of Science has 
necessarily played a major role in the debates over responsibilities 



and choices ansing from the advances of science and its applications 
in a rapidly changing world. One manifestation of this concern was 
the establishment in 1 976 of a Committee on Scientific Freedom and 
Respons'bility, which had a specific mandate to consider these 
issues. Rosemary Chalk served v ith great ability and devotion the 
staff officer of this Committee, as I can testify from having worked 
with her as a member and (for two years) chairman of the Committee. 
As the editor of this volume, she has selected articles, editorials, and 
letters from the AAAS journal Science that deal with, scientific 
freedom and responsibility, the difficult ethical questions that have 
ansen m the practice of science and its applications, the risks and 
benefits of new technologies and the making of decisions concerning 
them, the conflict between the traditional openness of science and the 
pressures for secrecy arising from concerns over national security by 
government officials; and other related matters. 

The reader who is concerned with any or all of the important and 
difficult problems discussed here can gam valuable illumination and 
new perspectives that will well repay a careful reading, I warmly 
recommend this book to those concerned with these vital problems. 

John r Edsall 
Department of Biochemistry 
and Molecular Biology 
Harvard University 
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As noted in the mirtxluLlK^n, this tHK)k builds upon an earlier 
coHeclion of Siwrne reprints prepared while I was ihc stall 
officer for the AAAS Coniniittee on SLientifa Freedom and 
Responsibility. Amv Sihemian, Grayce A hinger, and Comne 
Hams each contributed to the de\elopment of the reprint *»cries, and 
their efforts provided a valuable Lore of material now meorporated 
into this text. 

I am indebted to Mark S. Frankel, program head for the AAAS 
Committee onScientlllc Freedom and Responsibility, who sponsored 



the development of the book and assisted m suggesting and UKati..g 
selected items The staff of the AAAS Publications Office, especially 
Arthur Hcrschman, Kathryn Wolff, and Lonna Koblick offered 
special advice and assistance ai critical points in the development of 
the book. My husband. Michael A Stoto, contributed many hours 
solv ing thr technical glitches of our home computer system Finally, I 
express sincere gratitude to David Savold, who provided extensive 
time, talent, and patience throughout the editing and production 
process. 



10 




The relationship between science andtechnolog) and si>ciel> — 
a field of !nqiiir> tenned STS studies — has fascinated nian> 
students and scholars throughout recent decades Part of the 
fascination lies in the dynamic qualit) rf the relationship Nuween 
science and society. Science transforms society through its dis- 
coveries, but science is itself altered by siKial forces beyond the 
laboratory walls. 

In the aftermath of World War II, as scientists entered the corridors 
of political, military, and economic pi)wer, they began to integrate 
their former ivory tower world of science with new siKial. com- 
mercial, and governmental concerns. With a vision of science as an 
**cndlcss frontier." in the words of Vannevar Bush, the scientific 
leaders of the post-Hiroshima world sought to open up new vistas of 
intellectual power. They designed a complex set of public and private 
arrangements to channel public resources toward the development of 
creative scientific talent and the organization of new institutions for 
sciei^tific research. Building on these reforms. the> hoped to generate 
new knowledge and technology to benefit society as a whole. 

Calls for more independence or freedom in science, in order to 
protect the self-guided direction of scientific inquiry and develop the 
most promising areas of research, were met over time b> t^iiall) 
strong calls forsiKial responsibility and accountability in science, the 
rcdult of uneasy public concern about the directions in which laissez- 
faire science might be headed. The pioneering spirit that guided the 
early relationship between science and technolog) and svKiety gra- 
dually gave way to a new sense of accommodation and acceptance of 
regulation, as scientists and society as a whole sought new wa>s to 
integrate into the emerging research agenda the public's concerns 
with individual rights, public safeiy, and economic costv 

Another pan of the fascination with the study of science, technolo 
gy, and society is found in the contrast between objective and sub- 
jective knowledge. While the fonnulas, mathematics, and laboratory 
tests that characterize advanced scientific and technical information 
arc often beyond the understanding of most citi/ens, the social issues 
and problems associated with the development and use of science and 
technology arc more easily comprehended, and they are experienced 
more directly. Conflicts over the siting of nuclear power plants, for 
example, or decisions governing the applications of genetic engineer 
ing, raise fundamental questions about the ethical and social princi- 
ples that should guide such activities. 

Is technological determinism — what can be done should be done 
— the best principle to invoke in shaping these technologies.* How 
should such issues as informed consent, individual rights, or utilita 
rian pnnciples emphasizing the common good, affect these de- 
cisions? If wi; wish to develop scieiice m a social and human context, 
by what means can different sectors of socici) express their prefer- 
ences and concerns? 

Science, Teduwlogy. and Sonet}. Enttrf»in}* Rtlatumslups pro- 
vides a thorough introduction to these issues This antholog) offers 
85 articles, editorials, and letters published durii.^^ the last 40 years in 



Siicmc, the weekly journal of the American Association for the 
Advancement of Science. The material covers the period from 1949 
until early 1987, providing a broad historical overview of the emerg- 
ing relationship of science, technology, and siKiety in the p^>stwar 
period by authors well known in the sciemific literature. Many of t,ie 
articles were prepared originally as A A AS presidential addresses. Phi 
Beta Kappa talks, or keynote *ecturcs at inteniational conferences. 

The collection is organized in reverse chronological order within 
chapter themes. Each chapter provides a focal point for particular 
issues that have characterized different stages of the evolving STS 
relationship. For example, the chapter on science and responsibility 
examines questions about the obligations that scientists bear for the 
social consequences of their work How should scientists resp^)nd to 
social concerns about the uses of their discoveries? How can they 
foster accuracy and integrity in research'^ To whom arc scientists 
accountable? 

In addition to articles, the collection includes editorials reflecting 
different perspectives on science, technology, and society concerns 
over the p^st four decades. These provocative essays capture the 
thoughts and reflections of leaders of the scientific communit) who 
sought lo articulate and clarify the pressing problems of each period in 
the pages of Scieme. 

In the late 1950s, for example, biologist Bentley Glass suggested 
that the frcedom of science might be threatened more by forces of 
racism and apartheid, as illustrated b> the segregationist battles of 
Little Rock, Arkansas, and Pretoria, than by the technical achieve- 
ments oi the Soviet Union as svmbolized b> the successful launching 
of the Sputnik Mitellite. 

Letters to the editor and other published corresp^mdcnce highlight 
other concerns of the scientific coniniusiit) The exchange of letters in 
1982 between former AAASExecutiveOlficerWiIliamD Care> and 
then Deputy Secretary of Defense Frank Carlucci initiated a new 
wave of discussions within government and science policy circles 
about the extent to which the openness of American scientific com- 
munication threatens the national securit) interests of the U S gov- 
ernment. More recently , the claim by Si tern e editor Daniel E Kosh- 
land Jr., that "99.9999 percent of [scent i fie] reports are accurate and 
truthful" generated a flurry of letters debating the extent to which 
fraud causes serious damage in the scientific literature 

It is my hope that this volume will be a valuable resource dtKument 
for those with professional interest in the field of science, technology* 
and society studies. This book is also designed as a supplemental text 
for university courses examining the si>cial context of scienc** and 
technology, both replacing and extending the earlier Snem c Reprint 
Series on Scientific Freedom and Responsibility that was published 
by A A AS in theearl) 1980s. I believe the btnik ma> l)e of interest also 
to lay readers who want to know more about what we may call the 
conscience of science For all readers, the bt)ok provides an in-depth 
examination of the purposes and values that shape the directions of 
science today. — /?C 
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In the first half of the twentieth century, scientists on both sides of 
the Atlantic confidently believed scientific progress would inevit- 
ably lead to positive social change. From their work on the 
frontiers of intellectual discovery, they felt, society would evemually 
reap a harvest of progressive reform. 

But the aftermath of World War II tempered this optimistic confi- 
dence with the sober realization that the political and economic forces 
governing social change would inevitably shape the manner and 
methods by which science would be applied to important social 
problems. The realization that the intnnsic beauty of atomic physics 
could lead to the Heath and destruction witnessed in Hiroshima 
prompted Robert Oppcnheimer's famous comment that phyMcists 
had now "known sin " Now that scientists \\M successfully negoti- 
ated a new social contract that committed large amounts of public 
funds to the support of research, they found u cy had to develop a new 
framework of social accountability for the uses and consequences of 
this research. 

The gradual understanding that social progress depended as much 
on political and economic reform as on scientific achic\cment 
prompted many leading figures in science, engineering, and the 
health sciences to explore ways in which scientists could help im- 
prove social conditions. Others outside the world of science also 
sought to define this role for scientists. 

Wniing in the 1950s amid Cold War tensions anu public concern 
about nuclear tests. Bertrand Russell establishes a powerful theme by 
appealing to the role of scientists asciti/ens in clanfying the nature v)f 
their responsibility to society. "Facts which ought to guide the de- 
cisions of statesmen." he proclaims, "do not acquire their due im- 
portance if they remain buried in scientific journals." He denounces 
scientists who. in tandem with the various industries connected with 
armaments, had become "merchants of death/' and he seeks to rally 
the mainstream members of the scientific community to participate in 
public debates about the consequences of nuclear war. "If dis- 
interested scientists do not speak out." Russell warns, "the others w ill 
succeed in conveying a distorted impression, not only to the public 
but also to the politicians." 

Calls for greater social responsibility in science increased sharply 
in response to the growing stcKkpile of nuclear weapons. \\\c recogni 
lion of environmental damage from pesticides, and t^e American 
public's desire to end the Vietnam war. These thoines found their wa> 
into the pages of Si leme as various authors ..ought to develop a 
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framework that would provide guidance for the general scientific 
community on the appropriate balance between the tradit** » pro- 
fessional duties of the -wientists and their emerging social obligations. 

Echoing themes introduced by Ras>ell.C P Snow's address to the 
1960 AA AS Anr.ual Meeting discards the doctrine of ethical neutral- 
ity in science, in wh'.ch scienusts disown responsibility for the ap- 
plications of then r^iscarcb. He sets forth a rationale ic replace this 
d'Xtrine. building upon the :ntnnsic beauty and truth of basic science 
and the exciten^ent of fundamental resrareh. Sug^it-nng that scien- 
tists must extend their duty to qucsuon and scck t^c truth mo ques- 
tions of use and applications of their work. Snow concludes (hat 
scientists who have particular knjwlcdge about ^he effects of their 
work in public affairs have amoral .*vperative ;^ ^Ay what they know. 

The issues raised by Russell a!»d Sn. w continued to ec*io in the 
cd ionals in Science fo^* more than twenty years as others sought lo 
clarify ethical pnnc spies for professional ».«nJuct in put t< affairs. 
The editorials in this chapter su^ij^est altemat^vc ways to determine 
the appropnate balance betweei. u c 10.".% ot .>C!en;^t ^Jl a dis- 
interested seeker of know ledge arid <i.i a t.^nctrncd cu.ze :n coiitem 
porary society. 

John T. Edsall in 1931 integral i the thi <;itg of the .rcvious 
decades into a new statement on the professions.^ «>nd s(k responsi- 
bilities of scientists. Ali*^ .>ugh iUc two areas have much in common, 
he writes, the problenis of socia! -r-punsibility in ciencc -lust be 
considertJ in light of the general ^ode of scientific beha>ior that 
evolved over the past few .cntunes ''liusanempli-, 'sontht integrity 
and truthfulness of scientific claims m (he political arena is? iccct. 
sarily be an important nicasure of the public role i f the >c»cnli' . 

Anna J Harrison continues this theme in two oi hci Mcles. 
suggesting (hat scientists, indiv iduaily and collectively aie obligated 
(o provide their technical expertise to those who need informat 'O :o 
make decisions about the uses and din^ctionsof science and technulo 
gy. But they are responsible for the integnty of that information and 
should identify clearly their uncertainues. or biases, in attempting to 
fit preliminary rc^arch findings to important public policy problems 

This chapter presents i^:,ucs that recur throughout the field of 
science, technology, and society studies Concern about the im- 
portance pf protecting the objectivity of scientific knowledge, the 
uses and social applications of research, and the need to reconcile 
professional values with political and social inten;sts continue to 
dominate discussions about the meaning of responsil .iity in science 





Science, ever since it first existed, 
has had important effects in matters 
that lie outside the purview of pure 
science* Men of science have differed 
as to their responsibility for such 
effects. Some havo said that the func- 
tion of the scientist in society is to 
supply knowledge, and that he need not 
concern himself with the use to which 
this knowledge is put. I do not think 
that this view is tenable, especially in 
our age. The scientist is also a citizen; 
and citizens who have any special skill 
have a public duty to see, as far as they 
can, that their skill is utilized in accord* 
ance with the public interest. Histori- 
cally, the functions of the scientist in 
public life have generally been recog- 
nized. The Royal Society was founded 
by Charles II as an antidote to "fanati- 
cism" which had plunged England into 
a long period of civil strife. The scien- 
tists of that time did not hesitate to 
speak out on public issues, such as 
religious toleration and the folly of 
prosecutions for witchcraft. But al- 
though science has, in various ways at 
various times, favored what may be 
called a humanitarian outlook, it has 
from the first had an intimate and sinis- 
ter connection with war. Archimedes 
sold his skill to the Tyrant of Syracuse 
for use against the Romans; Leonaido 
secured a salary from the Duke of 
Milan for his skill in the art of fortifi- 
cation; and Galileo got employment 
under the Grand Duk? of Tuscany be- 
cause he could calculate the trajectories 
of projectiles. In the French Revolu- 
tion the scientists who were not guil- 
htined were set to making new explo- 
sives, but Lavoisier was not spared, 
because he was only discovering hydro- 
gen which, in those days, was not a 
weapon of war. There have been some 
honorable exceptions to the subservi- 
ence of scientists to warmongers. Dur- 
ing the Crimean War the British 
Government consulted Faraday as to 
the feasibility of attack by poisonous 
gases. Faraday replied that it was 



entirely feasible, but that it was in- 
human and he would have nothing to 
do with it. 



Affecting Public Opinion 

Modern democracy and modern 
methods of publicity have made the 
problem of affecting public opinion 
quite different from what it used to be. 
The knowledge that the public pos- 
sesses on any important issue is derived 
from vast and powerful organizations: 
the press, radio, and, above ail, tele- 
vision. The knowledge that govern- 
ments possess is more limited. They are 
too busy to search out the facts for 
themselves, and consequently they know 
only what their underlings think good 
for them unless there is such a power- 
ful movement in a different sense that 
politicians cannot ignore it. Facts 
which ought to guide the decisions of 
statesmen — for instance, as to the pos- 
sible lethal qualities of fallout — do not 
acquire their due importance if they 
remain buried in scientific journals. 
They acquire their due importance only 
when they become known to so many 
voters that they affect the course of the 
elections. In general, there is an oppo- 
sition to widespread publicity for such 
facts. This opposition springs from 
various sources, some sinister, some 
comparatively respectable. At the bot- 
tom of the moral scale there is the 
financial interest of the various indus- 
tries connected with armaments. Then 
there are various effects of a somewhat 
thoughtless patriotism which believes in 
secrecy and in what is called "tough- 
ness." But perhaps more important 
than either of thece is the unpleasant- 
ness of the facts, which makes the 
general public turn aside to pleasanter 
topics such as divorces and murders. 
The consequence is that what ought to 
be known widely throughout the gen- 
eral public will not be known unless 
great efforts are made by disinterested 



persons to see that the information 
reaches the minds and hearts of vast 
numbers of people. 1 do not think this 
work can be successfully accomplished 
except by the help of men of science. 
They, alone, can speak with the au- 
thority that is necessary to combat the 
misleading statements of those scientists 
who have permitted themselves to be- 
come merchants of death. If disin- 
terested scientists do not speak out, the 
others will succeed in conveying a 
distorted impression, not only to the 
public but also to the politicians. 



Obstacles to Individual Action 

It must be admitted that there are 
obstacles to individual action in our 
age which did not exist at earlier times. 
Galileo could make his own telescope. 
But once when I was talking with a 
very famous astronomer he explained 
that the telescope upon which his work 
depended owed its existence to the bene- 
factions of enormously rich men, and, 
if he had not stood well with them, his 
astronomical discoveries would have 
been impossible. More frequently, a 
scientist only acquires access to enor- 
mously expensive equipment if he 
stands well with the government of his 
country. He knows that if he adopts 
a rebellious attitude he and his family 
are likely to perish along with the rest 
of civilized mankind. It is a tragic 
dilemma, and 1 do not think that one 
should censure a man whatever his 
decision; but I do think — and 1 think 
men of sciencv should realize — that 
unless sorr.«:thing rather drastic is done 
under the leadership or through the 
inspiration of some part of the scientific 
world, the human race, like the Gada- 
rene swine, will rush down a steep 
place to destruction in blind ignorance 
of the fate that scientific skill has pre- 
pared for it. 

It is impossible in the modern world 
for a man of science to say with any 
honesty. "My business is to provide 
knowledge, and what use is made of 
the knowledge is not my responsibility,'' 
The knowledge; that a man of science 
provides may fall into the hands of 
men or institutions devoted to utterly 
unworthy objects. I do not suggest that 
a man of science, or even a large body 
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of men of science, can altogether pre- 
vent this, but they can diminish the 
magnitude of the evil. 

There is another direction in which 
men of science can attempt to provide 
leadership. Ihey can suggest and urge 
in many ways the value of those 
branches of science of which the im- 
portant practical uses are beneficial 
and not harmful. Consider what might 
be done if the money at present spent 
on armaments were spent on increasing 
and distributing the food supply of the 
world and diminishing the population 
pressure. In a few decades, poverty 
and malnutrition, which now afflict 



more than half the population of the 
globe, could be ended. But at present 
almost all the go\ernments of great 
states consider that it is better to spend 
money on killing foreigners than on 
keeping their own subjects alive. Pos- 
sibilities of a hopeful sort in whatever 
field can best be worked out and stated 
authoritatively by men of science; *nd, 
since they can do this work better than 
others, it is part of their duty to do it. 

As the world becomes more tech- 
nically unified, life in an ivory tower 
becomes increasingly impossible. Not 
only so; the man who stands out 
against the powerful organizations 



which control most of human activity 
is apt to find himself no longer in the 
ivory tower, with a wide outlook over 
a Sunny landscape, but in the dark and 
subterranean dungeon upon which the 
ivory tower was erected. To risk such 
a habitation demands courage. It will 
not be necessary to inhabit the dungeon 
if there are many who are willing to 
risk it, for everybody knows that the 
modern world depends upon scientists, 
and, if they are insistent, they must be 
listened to. We have it in our power to 
make a good world; and, therefore, 
with whatever labor and risk, we must 
make it. 





With science supporting an ever expand- 
ing military technology, many people in this 
countr>' are wondering to what extent Amer- 
ican scientists should assume responsibility 
for the uses to which the government puts 
their discoveries and talents. It has always 
been possible, of course, to speak of pure 
research. Just as it has always been possible, 
we suppose, to speak of the pure act of sit- 
ting down to a meal and consuming it with 
impeccable table manners. But any piece of 
behavior can acquire moral properties, given 
the appropriate circumstances — even sitting 
down to eat a hamburger, as recent de- 
velopments in the South have shown. 

One view of the scientist's responsibility 
^or the social consequences of scientific 
truths IS that this responsibility ends with the 
scientist's willingness to do work directly or 
indirectly for the government, including 
work on weapons. According to this view, 
being a good scientist no more gives one 
special privileges in determining national 
policy than being a good information clerk at 



an airport entitles one to select destinations 
for travelers. The area of special competence 
of scientists lies in the discovery of technical 
facts; decisions of public policy rest with 
elected or appointed public officials. 

An opposite opinion concerning the 
obligations of scientists holds that scientists 
should consider the possible consequences of 
any piece of research before it is begun, and 
if the research is judged more a threat to the 
country, or humanity at large, than a benefit, 
they should refuse their services. A man can- 
not delegate to a superior the responsibility 
for the moral consequences of his acts, the 
second view claims. To be sure, to predict 
future applications of new discoveries calls 
more for the talents of a prophet than for 
those of a scientist. No one now knows to 
what uses, or abuses, the fall of parity in 
physics may some day prove amenable. But 
somewhere along the line, basic research be- 
comes applied research, and forecasts about 
the uses of discoveries become something 
more than anybody's guess. 



Between the two opposing positions lies a 
third position which holds that at least some 
scientists, although they fear the dangers 
posed by a further increase in military pow- 
er, have the duty to work on projects that the 
government deems necessary, but that scien- 
tists also have the duty to state their opinions 
on matters lying outside science. If this is the 
age of specialization, so this argument runs, 
it is also the age of specialists working 
together on teams. Public officials should 
have the final word, but any attempt to 
understand the full range of consequences — 
military, political, economic, and moral— of 
new advances in research, requires the views 
of the men who understand those advances 
best. 

It is this third position that expresses our 
own convictions, and that seems to express 
the convictions of most of the persons in this 
country who are presently concerned with 
these problems — although, admittedly, 
agreement on general principles does not 
necessarily imply agreement on particular 
cases. The first position errs because, pushed 
to i's conclusion, it turns the citizen's obliga- 
tions to the state into despotism; while the 
second position errs because, if pushed, it 
turns the moral integrity of the individual 
into anarchy. The third position seeks the 
mean between the scientist's assuming too 
little responsibility for the consequences of 
his research and his assuming too much re- 
sponsibility. 
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Scientists are the most important oc- 
cupational group in the world today. At 
this moment, what they do is of passion- 
ate concern to the whole of human 
society. At this moment, the scientists 
have little influence on the world effect 
of what they do. Yet, potentially, they 
can have great influence. The rest of the 
world is frightened both of what they 
do — that is, of the intellectual dis- 
coveries of science — and of its effect. 
The rest of the world, transferring its 
fears, is frightened of the scientists 
themselves and tends to think of them 
as radically different from other men. 

As an ex-scientist, if I may call myself 
so, I know that is nonsense. I have even 
tried to express in fiction some kinds 
of scientific temperament and scientific 
experience. I know well enough that 
scientists are very much like other men. 
After all, we are all human, even if 
some of us don't give that appearance. 
I think I would be prepared to risk a 
generalization. The scientists I have 
known (and because of my official life 
I have known as many as anyone in 
the world) have been in certain respects 
just perceptibly more morally admirable 
than most other groups of intelligent 
men. 

That is a sweeping statement, and I 
mean it only in a statistical sense. But 
I think there is just a little in it. The 
moral qualities I admire in scientists 
are quite simple ones, but I am very 
suspicious of attempts to oversubtilize 
moral qualities. It is nearly always a 
sign, not of true sophistication, but of 
a specific kind of triviality. So I admire 
in scientists very simple virtues — like 
courage, truth-telling, kindness — in 
which, judged by the low standards 
which the rest of us manage to achieve, 
the scientists are not deficient. I think 
on the whole the scientists make slightly 
better husbands and fathers than most 
of us, and I admire them for it. I don't 
know the figures, and I should be 
curious to have them sorted out, but 
I am prepared to bet that the propor- 
tion of divorces among scientists is 
slightly but significantly less than that 



among other groups of similar educa- 
tion and income. I do not ?q>ologize for 
considering that a good thing. 

A close friend of mine is a very dis- 
tinguished scientist. He is also one of 
the few scientists I know who has lived 
what we used to call a Bohemian life 
When we were both younger, he thouglit 
he would undertake historical research 
to see how many great scientists had 
been as fond of women as he was. I 
think he would have felt mildly sup- 
ported if he could have found a prece- 
dent. I remember his reporting to me 
that his researches hadn't had any luck. 
The really great scientists seemed to 
vary from a few neutral characters to 
a large number who were depressingiy 
^'normal." The only gleam of comfort 
was to be found in the life of Jerome 
Cardan; and Cardan wasn't anything 
like enough to outweigh all the others. 

So scientists are not much different 
from other men. They are certainly no 
worse than other men. But they do differ 
from other men in one thing. That is 
the point I started with. Whether they 
like it or not, what they do is of critical 
importance for the human race. Intel- 
lectually, it has transformed the climate 
of our time. Socially, it will decide 
whether we live or die, and how we 
live or die. It holds decisive powers for 
good and evil. That is the situation in 
which the scientists find themselves. 
They may not have asked for it, or may 
only have asked for it in part, but they 
cannot escape it. They think, many of 
the more sensitive of them, that they 
don't deserve to have this weight of 
respoi sibility heaved upon them. All 
they want to do is to get on with their 
work. I sympathize. But the scientists 
can't escape the responsibility — any 
more than they, or the rest of us, can 
escape the gravity of the moment in 
which we stand. 

Doctrine of Ethical Neutrality 

There is of course one way to con- 
tract out. It has been a favorite way 
for intellectual persons caught in the 
midst of water too rough for them. 



It consists of the invention of cate- 
gories—or, if you like, of the division 
of moral labor. That is, the scientists 
who want to contract out say, pro- 
duce the tools. We stop there. It is for 
you — the rest of the worid, the politi- 
cians — to say how the tools are used. 
The tools may be used for purposes 
which most of us would regard as bad. 
If so, we are sorry. But as scientists, 
that is no concern of ours. 

This is the doctrine of the ethical 
neutrality of science. I can't accept it 
for an instant I don't believe any sci- 
entist of serious feeling can accept it. 
It is hard, some think, to find the precise 
statements which will prove it wrong. 
Yet we nearly all feel intuitively that 
the invention of comfortable categories 
is a moral trap. It is one of the easier 
methods of letting the conscience rust. 
It is exactly what the eariy i9th century 
economists, such as Ricardo, did in the 
face of the facts of the first industrial 
revolution. We wonder now how men, 
intelligent men, can have been so 
morally blind. We realize how the ex- 
posure of that moral blindness gave 
Marxism its apocalyptic force. We are 
now, in the middle of the scientific or 
second industrial revolution, in some- 
thing like the same position as Ricardo. 
Are we going to let our consciences 
rust? Can we ignore that intimation we 
nearly all have, that scientists have a 
unique responsibility? Can we believe 
it, that science is morally neutral? 

To me — it would be dishonest to 
pretend otherwise — there is only one 
answer to those questions. Yet I have 
been brought up in the presence of 
the same intellectual categories as most 
western scientists. It would also be dis- 
honest to pretend that I find it easy to 
construct a rationale which expresses 
what I now believe. The best I can 
hope for is to fire a few sighting shots. 
Perhaps someone who sees more clearly 
than 1 can will come along and make 
a real job of it 

The Beauty of Science 

Let me begin with a remark which 
seems some way off the point. Anyone 
who has ever worked in any science 
knows how much esthetic joy he has 
obtained. That is, in the actual activity 
of science, in the process of making a 
discovery, however humblj it is, one 
can't help feeling an av/areness of 
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beauty. The subjective experience, the 
esthetic satisfaction, seems exactly the 
same as the satisfaction^ one gets frorr 
writing a pctm or a novel, or compos- 
ing a piece of music. I don't think any- 
one has succeeded in distinguishing be- 
tween them. The li^ei-ature of scientit.c 
discovery is full of this esthe^''? jcy. The 
very best communicatio.n of it that I 
know comes in G. H. Hardy's book, 
A Mathematician's Apology. Graham 
Greene once said he thoi.ght that, along 
with Henry James's prefaces, this was 
the best accoimt of the artistic experi- 
ence ever wntten. But one meets the 
same thing throughout ihe history of 
science. Brlyai's great yell of triumph 
when he saw he could construct a self- 
consistent, non-Euclidean geometry; 
Ruthcrford*s revelation to his colleagues 
that he knew what the atom was like; 
Darwin^s slow, patient, timorous cer- 
tainty that at last he had got there — 
all these are voices, different voices, of 
esthetic ecstasy. 

That is not the end of it. The result 
of the activity of science, the actual 
dnished piece of scientific work, has an 
esthetic value in itself. The indgments 
passed on it by other scientisl^ will more 
often than not be expressed in esthetic 
terms: *'That*s beautiful!" or "That 
really is very pretty!" (as the under- 
stating English tend to say). The es- 
thetics of scientific constructs, like the 
esthetics of works of art, are variegated. 
We think some of the great syntheses, 
like Newton's, beautiful because of their 
classical simplicity, but we see a different 
kind of beauty in the rela.ivistic ex- 
tension of the wave equation or the 
interpretation of the structure of de- 
oxyribonucleic acid, perhaps because of 
the touch of unexpectedness. Scientists 
know their kinds of beauty when they 
see them. They are suspicious, and sci- 
entific history shows they have always 
been right to have been so, when a 
subject is in an "ugly" state. For ex- 
ample, most physicists feel in their 
bones that the present bizarre assembly 
of nuclear particles, as grotesque as a 
stamp collection, can't possibly be, in 
the long run, the last word. 

We should not restrict the esthetic 
values to what we call "pure" science. 
Applied science has its beauties, which 
are, in my view, identical in nature. 
The magnetron has been a marvelously 
useful device, but it was a beautiful 
device, not exactly apart from its utility 
but because it did, with such supreme 
economy, precisely what it was designed 
to do. Right down in the field of de- 
^ velopment, the esthetic experience is as 
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real to engineers. When they f<'*get 
when the/ begin i^esign beavy-oower 
equipment a^out *wice as heavy as ii 
needs to be. engineers are the first to 
knov that they are lacking virtue. 

There is no doubt, then, about the 
esthetic content of science, both in the 
activity and the result. But esthetic^ has 
no connection with morals, say the 
categorizers. I con't want to waste time 
on peripheral issues — but are you qu'te 
sure of that? Or is it possible that the^e 
categories are inventions to make us 
evade the human and social conditions 
in which we now exist? But let us move 
straight on to something else, which is 
right in the grain of the activity of 
science and which is at the same time 
quintessentially moral. I mean, the de- 
sire to find the truth. 

The Semnrh for Truth 

By truthy J don't intend anything com- 
plicated, once again. I am using the 
WO' a scientist uses it. We all know 
that tie philosophical examination of 
the concept of empirical truth gets us 
into some curious complexities, but most 
scientists really don't care. They know 
that the truth, as they use the word and 
as the rest of us use it in the language 
of common speech, is what makes sci- 
ence work. That is good enough for 
them. On it rests the whole great edifice 
of modern science. They have a sneak- 
ing sympathy for Rutherford, who, 
when asked to examine the philosoph- 
ical bases of science, was inclined to 
reply, as he did to the metaphysician 
Samuel Alexander: "Well, what have 
you been talking all your life. Alexan- 
der? Just hot air' Nothing but hot air!" 

Anyway, truth in their own straight- 
forward sense is what the scientists arc 
trying to find. They want to find what 
is there. Without that desire, there is 
no science. It is the driving force of the 
whole activity. It compels the scientist 
to have an overriding respect for truth, 
every stretch of the way. That is. if 
you're going to find what is there, you 
mustn't deceive yourself or anyone else. 
You mustn't lie to yourself. At the 
crudest level, you mustn't fake your ex- 
periments. 

Curiously enough, scientists do try to 
behave like that. A short time ago. I 
wrote a novel in which the story hinged 
on a case of scientific fraud. But I made 
one of my characters, who was himself 
a very good scientist, say that, consider- 
ing the opportunities and temptations, 
it is astonishing how few such cases 
there are. We have all heard of perhaps 
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ha ^ a dozen open and notorious ones, 
which are on the record for anyone to 
read — n.:'3ing from the "discovery" of 
the L radiation to the singular episode 
of the Piltdown man. 

We have all. if we have lived any 
time in the scientihc world, heard pri- 
vate talk of something like another 
dozen cases which for various reasons 
are not yet public property. In some 
cases, we know the motives for the 
cheating — sometimes, but not always, 
sheer personal advantage, such as get- 
ting money or a job. But not a« .ays. 
A special kind of vanity has led more 
than one man into scientific faking. At 
a lower level of research, there are pre- 
sumably some more cases. There must 
have been occasional Ph.D. students 
who scraped by with the help of a bit 
of fraud. 

But the total number of all these 
men is vanishingly small by the side of 
the total number of scientists. Incident- 
ally, the effect on science of such frauds 
is also vanishingly small. Science is a 
self-correcting system. That is, no fraud 
(or honest mistake) is going to stay un- 
detected for long. There is no need for 
an extrinsic scientific criticism, because 
criticism is inherent in the process it- 
self. So that all that a fraud ^an do is 
waste the time of the scientists who 
have to clear it up. 

The remarkable thing is not the hand- 
ful of scientists who deviate from the 
search for truth but the overwhelming 
numbers who keep to it. That is a 
demonstration, absolutely clear for any- 
one to see, of moral behavior on a very 
large scale. 

We take it for granted. Yet it is very 
important. It differentiates science in its 
widest sense (which includes scholar- 
ship) from all other intellectual activi- 
ties. There is a built-in moral com- 
ponent right in the core of the scientific 
activity itself. The desire to find the 
truth is itself a moral impulse, or at 
least contains a moral impulse. The 
way in which a scientist tries to find 
the truth imposes on him a constant 
moral discipline. We say a scientific 
conclusion — such as the contradiction 
of parity by Lee and Yang — is "true" 
in the limited sense of scientific truth, 
just as. we say that it is "beautiful" ac- 
cording to the criteria of scientific 
esthetics. We also know that to reach 
this conclusion took a set of actions 
which would have been useless without 
the moral nature. That is. all through 
the marvelous experiments of Wu and 
her colleagues, there was the constant 
moral exercise of seeking and telling 
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the truth. To scientists, who are brought 
up in this climate, this seems as natural 
as breathing. Yet it is a wonderful thing. 
Even if the scientific activity contained 
only this one moral component, that 
alone would be enough to let us say 
that it was morally un-neutral. 

But is this the only moral component? 
All scientists would agree about the 
beauty and the truth. In the western 
world, they wouldn't agree on much 
more. Some will feel with me in what 
I am going to say. Some wil! n^t. lliat 
doesn't affect me much, except that I 
am worried by the growth of an attitude 
I think very dangerous, a kind of tech- 
nological conformity disguised as 
cynicism. I shall say a little more about 
that later. As for disagreement, G. H. 
Hardy used to comment that a serious 
man ought not to waste his time stating 
a majority opinion — there are plenty of 
others to do that. That was the voice of 
classical scientific nonconformity. I 
wish that we heard it more often. 

Scknce in the Twenties 

Let me cite some grounds for hope. 
Any of us who were working in science 
before 1933 can remember what the 
atmosphere was like. It is a terrible 
bore when aging men in their fifties 
speak about the charms of their youth. 
Yet I am going to irritate you — ^just as 
Talleyrand irritated his juniors — ^by say- 
ing that unless one was on the scene be- 
fore 1933, one hasn't known the sweet- 
ness of the scientific life. The scientific 
world of the twenties was as near to 
being a full-fledged international com- 
munity as we are likely to get. Don't 
think Fm saying that the men involved 
were superhuman or free from the 
ordinary frailties. That wouldn't come 
well from me, who have spent a frac- 
tion of my writing life pointing out that 
scientists are, first and foremost, men. 
But the atmosphere of the twenties in 
science was filled with an air of benev- 
olence and magnanimity which tran- 
scended the people who lived in it. 

Anyone who ever spent a week in 
Cambridge or Gottingen or Copenhagen 
felt it all round him. Rutherford had 
very human faults, but he was a great 
man with abounding human generosity. 
For him the world of science was a 
world that lived on a plane above the 
nation-state, and lived there with joy. 
That was at least as true of those two 
other great men, Niels Bohr and Franck, 
and some of that spirit rubbed off on 
to the pupils round them. The same was 
true of the Roman school of physics. 

O 
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The personal links within this inter- 
national world were very close. It is 
wonh remembering that Peter Kapitza, 
who was a loyal Soviet citizen, honored 
my country by working in Rutherford's 
laboratory for m.;nv years. He became 
a fellow of the Royal Sc^vty, a fellow 
of Trinity College, Cambridge, and the 
founder and kingpin of the best physics 
club Cambridge has known. He never 
gave up his Soviet citizenship and is 
now director of the Institute of Physical 
Problems in Moscow. Through him a 
generation of English scientists came to 
have personal knowledge of their Rus- 
sian colleagues. These exchanges were 
then, and have remained, more valuable 
than ail the diplomatic exchanges ev^ 
invented. 

The Kapitza phenomenon ii't 
take place now. I hope to li ^ see 
the day when a young Kapitza can once 
more work for 16 years in Berkeley or 
Cambridge and then go back to an 
eminent place in his own country. When 
that can happen, we are all right. But 
after the idyllic years of world science, 
we passed into a tempest of history, 
and, by an unfortunate coincidence, we 
passed into a technological tempest too. 

The discovery of atomic fission broke 
up the world of international physics. 
"This has killed a beautiful subject,*" 
said Mark Oliphant, the father figure of 
Australian physics, in 1945, after the 
bombs had dropped. In intellectual 
terms, he has not turned out to be right. 
In spiritual and moral terms, I some- 
times think he has. 

A good deal of the international com- 
munity of science remains in other 
fields — in great areas of biology, for 
example. Many biologists are feeling 
the identical liberation, the identical jcv 
at taking part in a magnanimous enter- 
prise, that physicists felt in the twenties. 
It is more than likely that the moral 
and intellectual leadership of science 
will pass to biologists, and it is among 
them that we shall find the Ruther- 
fords, Bohrs, and Francks of the next 
generation. 

The Physicist, a Military Resource 

Physicists have had a bitterer task. 
With the discovery of fission, and with 
some technical breakthroughs in elec- 
tronics, physicists became, almost over- 
night, the most important military re- 
source a nation-state could call on. A 
large number of physicisii became 
soldiers not in uniform. they have 
remained, in the advanced societies, 
ever since. 
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It is very difficult to see what else 
they could have done. All this began 
in the Hitler war. Most scientists 
thought then that Nazism was as near 
absolute evil as a human society can 
manage.. I myself thought so. I still 
think so, without qualification. That 
being so, Nazism had to be fought, and 
since the Nazis might make fission 
bombs — ^which we thought possible 
until 1944, and which was a continual 
nightmare if one was remotely in the 
know — ^well, then, we had to make them 
too. Unless one was an unlimited 
pacifist, there was nothing else to do. 
And unlimited pacificism is a position 
which most of us cannot sustain. 

Therefore I respect, and to a large 
extent share, the moral attitudes of 
those scientists who devoted themselves 
to making the bomb. But the trouble is, 
when you get onto any kind of moral 
escalator, to know whether you're ever 
going to be able to get off. When scien- 
tists became soldiers they gave up some- 
thing, so imperceptibly that they didn't 
realize it, of the full scientific life.. Not 
intellectually. I see no evidence that 
scientific work on weapons of maxi- 
mum destruction has been in any in- 
tellectual respect different from other 
scientific work. But there is a moral 
diflTerence. 

It may be — scientists who are better 
men than I am often take this attitude, 
and I have tried to represent it faith- 
fully in one of my books — that this is 
a moral price which, in certain circum- 
stances, has to be paid. Nevertheless, it 
is no good pretending that there is not a 
moral price. Soldiers have to obey. That 
is the foundation of their morality. It 
is not the foundation of the scientific 
morality. Scientists have to question 
and if necessary to rebel. I don't want 
to be misunderstood. I am no anarchist. 
I am not suggesting that loyalty is not 
a prime virtue. I am not saying that all 
rebellion is good. But I am saying that 
loyalty can easily turn into conformity, 
and that conformity can often be a 
cloak for the timid and self-seeking. So 
can obedience, carried to the limit. 
When you think of the long and gloomy 
history of man, you will find that far 
more, and far more hideous, crimes 
have been committed in the name of 
obedience than have ever been com- 
mitted in the name of rebellion. If you 
doubt that, read William Shirer's Rise 
and Fall of the Third Reich. The Ger- 
man officer corps were brought up in 
the most rigorous code of obedience. 
To them, no more honorable and God- 
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fearing body of men could conceivably 
exist. Yet in the name of obedience, 
they were party to, and assisted in, the 
most wicked large-scale actions in the 
history of the world. 

Scientists must not go that way. Yet 
the duty to question is not much of a 
support when you are living in the mid- 
dle of an organized society. I speak with 
feeling here. I was an official for 20 
years. I went into official life at the 
beginning of the war, for the reasons 
that prompted my scientific friends to 
begin to make weapons. I stayed in that 
life until a year ago, for the same rea- 
son that made my scientific friends turn 
into civilian soldiers. The officials life 
in England is not quite so disciplined 
as a soIdier*s, but it is very nearly so. I 
think I know the virtues, which are 
very great, of the men who live that 
disciplined life. I also know what for 
me was the moral trap. I, too, had got 
onto an escalator. I can put the result 
in a sentence: I was coming to hide be- 
hind the institution: I was losing the 
power to say no. 

A Spnr to Moral Action 

Only a very bold man, when he is 
a member of an organized society, can 
keep the power to say no. I tell you 
that, not being a very bold man, or one 
who finds it congenial co stand alone, 
away from his colleagues. We can't ex- 
pect many scientists to do it. Is there 
any tougher ground for them to stand 
on? I suggest to you that there is. I be- 
lieve that there is a spring of moral 
action in the scientific activity which is 
at least as strong as the search for truth. 
The name of this spring is knowledf^e. 
Scientists know certain things in a fash- 
ion more immediate and more certain 
than those who don't comprehend what 
science is. Unless we are abnormally 
weak or abnormally wicked men, this 
knowledge is bound to shape our 
actions. Most of us are timid, but to an 
extent, knowledge gives us guts. Per- 
haps it can give us guts strong enough 
for the jobs in hand. 

I had better take the most obvious 
example. All physical scientists know 
that it is relatively easy to make Plu- 
tonium. We know this, not as a jour- 
nalistic fact at second hand, but as a 
fact in our own experience. We can 
work out the number of scientific and 
engineering personnel needed for i na- 
tion-state to equip itself with fission and 
fusion bombs. We know that, for a 
dozen or more states, it will only take 
perhaps six years, perhaps less. Even 
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the best informed of us always exag- 
gerate these periods. 

This we know, with the certainty of 
— what shall I call it? — engineering 
truth. We also— most of us — are 
familiar with statistics and the nature 
of odds. We know, with the certainty 
of statistical truth, that if enough of 
these weapons are made, by enough dif- 
ferent states, some of them are going 
to blow up. through accident, or folly, 
or madness — the motives don't matter. 
What docs matter is the nature of the 
statistical fact. 

All this we know. We know it in a 
more direct sense than any politician 
because it comes from our direct ex- 
perience. It is part of our minds. Are 
we going to let it happen? 

All this we know. It throws upon 
scientists a direct and personal respon- 
sibility. It is not enough to say that 
scientists have a responsibility as citi- 
zens. They have a much greater one 
than that, and one different in kind. For 
scientists have a moral imperative to 
say what they know. It is going to make 
them unpopular in their own nation- 
states. It may do worse than make them 
unpopular. That doesn't matter. Or at 
least, it does matter to you and me, but 
it must not count in the face of the 
risks. 

Alternatives 

For we genuinely know the risks. We 
are faced with an either-or. and we 
haven't much time. The either is ac- 
ceptance of a restriction of nuclear 
armaments. This is going to begin, just 
as a token, with an agreement on the 
stopping of nuclear tests. The United 
States is not going to get the 99.9-per- 
cent "security'' thai it has been asking 
for. This is unobtainable, though there 
are other bargains that the United States 
could probably secure. I am not going 
to conceal from you that this course in- 
volves certain risks. They are quite ob- 
vious, and no honest man is going to 
blink them. That is the either. The or is 
not a risk but a certainty. It is this. 
There is no agreement on tests. The 
nuclear arms race between the United 
States and the U.S.S.R. not only con- 
tinues but accelerates. Other countries 
join in. Within, at the most, six years. 
China and several other states have a 
stock of nuclear bombs. Within, at the 
most, ten years, some of those bombs 
arc going off. I am saying this as re- 
sponsibly as I can. That is the certaint>. 
On the one side, therefore, we have a 
finite risk. On the other side we have a 
certainty of disaster. Between a risk and 
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a certainty, a sane man does not 
hesitate. 

It is the plain dut> of scientists to 
explain this cither-or. It is a duty which 
seems to me to come from the moral 
nature of the scientific activity itself. 

The same duty, though in a m*ich 
more pleasant form, arises with respect 
to the benevolent powers of science. 
For scientists know, and again with the 
certainty of scientific knowledge, that 
we possess every scientific fact we need 
to transform the physical life of half 
the world. And transform it within the 
span of people now living. I mean, we 
have all the resources to help half the 
world live as long as we do and eat 
enough. All that is missing is the will. 
We know that. Just as we know that 
you in the United States, and to a 
slightly lesser extent we in the United 
Kingdom, have been almost unimagi- 
nably lucky. We are sitting like people 
in a smart and cozy restaurant and we 
are eating comfortably, looking out of 
the windo\\ into the streets. Dovv<i on 
the pavement are people who are look- 
ing up at us, people who by chance 
have different colored skins from ours, 
and are rather hungry. Do you wonder 
that they don't like us all that much? 
Do you wonder that we sometimes feel 
ashamed of ourselves, as we look out 
through that plate glass? 

Well, it is within our power to get 
started on that problem. We are moral- 
ly impelled to. \Ve all know that, if the 
human species does solve that one. 
there will be consequences which are 
themselves problems For instance, the 
population ot the world will become 
embarrassingh large. But that is an- 
other challenge There are going to be 
challenges to ou; intelligence and to 
our moral natute as long as man re- 
mains mar.. After all. a challenge is 
not. as the word is coming to be used, 
an excuse for slinking off and doing 
ncthmg A chiillenge is something to 
be picked up. 

For all these reasons. 1 believe the 
world communit\ of scientists has a 
final responsihilit\ upon it — a greater 
responsibilit\ than is pressing on any 
oth^r body ot men. I do not pretend to 
know how the> will bear this responsi- 
bilit>. These ma\ be famous last words, 
but I have an inextinguishable hope. 
For. as 1 have said, there is no doubt 
that the scientific activity is both beauti- 
ful and truthful. I cannot prove it, but 
I believe that, simply because scientists 
cannot escape their own knowledge, 
they also won t be able to avoid show- 
ing themselves disposed to good. 
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J.R. Wiggins, editor of the Washington 
Post and Times Herald, has been asking 
some of his scientist friends: If you could put 
the jinni back into the bottle, would you do 
it? Would you, if you had the choice, undo 
the woric that led to the release of atomic 
energy? The question is not historical, for 
obviously the past cannot be undone. Neither 
is it a strictly scientific question, for if Otto 
Hahn, Lise Meitner, Enrico Fermi, and their 
collaborators had not released the atomic jin- 
ni, others would have. The point of the ques- 
tion is its social significance, not only for 
atomic energy itself, but also as a forewarn- 
ing of problems that may lie ahcicd. Consider 
the mora], social, and political dilemmas that 
would folic ^ upon ability to control the 
weather on a world-wide scale, to control 
genetic material, or to control human be- 
havior. 

V/arren Weaver posed essentially the 



same question, in a somewhat more manage- 
able form, in asking CP. Snow, after his 
address at the I960 AAAS annual meeting: 
If a scientist can see with reasonable clarity 
that continuing a particular line of research is 
likely to produce information that might be 
turned to evil ends, should he continue, or 
should he stop? When phrased in this way, 
the question poses a personal choice, but 
only a personal one. A particular scientist 
can avoid personal responsibility for findings 
that may be used for evil purposes. But he 
cannot prevent those findings from being 
made. If he stops, someone else will contin- 
ue. 

Among the several answers made to these 
questions is the statement that the scientist 
plays two roles, one as scientist and the other 
as citizen, and that he can and should keep 
the two roles separate. The distinction goes 
beyond saying thet scientists should be con- 



cerned with the social implications of their 
work to say that the scientist, acting as a 
scientist, can press on wherever and as far as 
his curiosity and ability lead and permit, and 
that the same person, now acting as a citizen, 
can forget his scientific interests in helping 
to make decisions conceming science and its 
applications and its control. This is a com- 
forting doctrine, but is it any more realistic 
than to expect the scientist to open all the 
bonles to see what they contain while the 
same person, as citizen, leaves firmly stop- 
pered any that contains an ugly jinni? 

Quite aside from the impossiblity of undo- 
ing the past, and quite aside from the im- 
possibility of preventing others from doing 
what a particular person refrains from doing, 
can we expect the scientist — not an idealized 
abstraction but the 'lUman being in the next 
office — to differentiate his role as a scientist 
from his ro'-^ as a citizen? We do not expect 
the clcigyman to forget his cloth when he 
goes to vote. Nor do we ask the member of 
another profession to step and ask himself: 
Am I atiii.g ^s a member of my profession or 
as a citizen of my country? What can we 
fairly ask of a scientist? 

Would you put the jinni back into the 
bottle if you could? The question can start a 
lively discussion. It can also lead to a per- 
plexing consideration of whether or not the 
scientist can separate his roles. 




The recent meeting of the American 
Association for the Advancement of Science 
provided an impressive body of evidence 
that many scientists now are indeed worried 
about their social responsibility. The an- 
nounced theme of the week's sessions was 
"How Man Has Changed His Planet," and 
the phrase provided far more than a take-off 
point for bragging. It was a symptom of the 
unease that permeated the meeting. 

Thus Thomas F. Malone warned one ses- 
sion that the possible consequences of 
weather modification must be weighed ''be- 
fore we are called upon to deal with them." 
Malone, vice president of the Travelers In- 
snrance Company, told his audience: *The 



point is that there is still time for reflective 
thought, for setting objectives, for weighing 
alterriative courses of action — in short, to act 
responsibly." 

In the kind of exhortation that had telling 
effect on its audience but could earn little 
space in newspapers, Malone went on: '1f 
the exploration of weather modification adds 
one more small brick to the edifice that con- 
tains world confict and supports world 
order, science will have served a noble pur- 
pose by enriching human life. The burden of 
responsibility for seeing that this happens is, 
1 believe, on scientists." 

It was not only the prospects of man s 
modifying weather, however, that aroused 



concern Other aspects of man's effects on 
his environment — notably air and water 
pollution — also stirred it up. 

Questions from the audience at a session 
on nest control, for instance, indicated wide- 
spread worry about the use of chemical pesti- 
cides whose residues last a long time, such 
as DDT. The questioners were looking for 
the kind of assurance they got from George 
L. Mehren, Assistant Secretary of Agricul- 
ture, that most Government research money 
in pesticides — the 1966 figure was 79 
percent— is now going into non-chemical 
means. 

The impact of science on man's social en- 
vironment drew concern, too. as the sessions 
on the rcces of humankind showed. The 
mcaC heated area of dispute was on the ques- 
tion of how scientific inquiry would do least 
to feed the fires of racial animosity. One 
school held that the best thing to do was stay 
away entirely from investigations of the dif- 
ferences between the races, which one schol- 
ar labeled "pseudoscientific"; the other held 
that inquiry should go forward but that re- 
searchers have the obligation to denounce 
erroneous interpretations drawn from it. 
Geneticist Theodosius Dobzhansky. an ex- 
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ponent of the latter argument, added: "And 
in our world a scientist has no right to be 
irresponsible." The audience applauded his 
sentiment. 

Bui exactly what is the scientist's respon- 
sibility in the matter of racial differences? 
The day of arguments produced no con- 
sensus. 

Nor were those attending the meeting 



A few decades ago, most scientists held 
the view that their principal duty was to 
advance the frontiers of knowledge. Corre- 
spondingly, the scientific societies limited 
their activities to publications and meetings 
centered on their chosen fields. During the 
past few years, the activities of scientists 
have expanded. Many of the principal sym- 
posiums at the recent Boston meeting of 
AAAS dealt with public policy aspects of 
science and technology. 

Scientists have not unanimously approved 
participation in policy matters by their col- 
leagues. Some have objected that spokesmen 
certainly did not speak for them personally. 
Others have pointed out that once facts have 
become generally known, the scientist can 
no longer determine how his discovenesmay 
be applied. To some degree, this argument is 
valid. Nevertheless, scientists will have con- 
tinuing and important roles in determining 
how science is applied. One important func- 
tion is that of watchdog. 

In exploiting scientific discoveries. 



allowed to forget the historical examples of 
how science had hurt, rather than helped, 
mankind. Loren C. Eiseley, a historian of 
science, taxed the !9th century's evolution- 
ists with characterizing races other than 
those of Western Europe as inferior, rather 
than simply different. The tags have per- 
sisted, he noted. 
And Lynn T. White, Jr., another histo- 



humanity will squander resources and un- 
wittingly conduct profoundly important ex- 
periments on itself and on the environment. 
Who will evaluate such experiments and be 
altrt to emerging problems? The man in the 
street can scarcely fill such a role. Govem- 
me it might, bui its leadership is in the hands 
of politicians who rarely act until an issue is 
crystallized by others. Scientists or engineers 
in government service might act as watch- 
dogs, but in general, politicians prefer that 
the bureaucrats speak only when spoken to. 
Employees of industry are in much the same 
circumstance. Thus academic scientists and 
the scientific societies have responsibilities 
that they cannot escape. 

In attempting to convert opinion into ac- 
tion, scientists should avoid internal conflict. 
They form only a tiny fracnon of the elector- 
ate, and at best their presfge is not such as to 
give much weight to partisan exhortations. 
In matters that are more political than 
scientific, members of societies are likely ;o 
be divided in their preferences. When a soci- 



rian, argued that "both our present science 
and our present technology are so tinctured 
with Christiar arrogance toward nature" — 
the attitude that it exists for the service of 
man — that "the remedy must also be es- 
sentially religious " Science and technology, 
he said, cannot answer all the questions they 
raise. 



ety attempts to achieve a monolithic position 
on such issues, it does so over strong objec- 
tions. The outcome convinces no one, serves 
little purpose, and leaves debilitating 
wounds. The societies are more effective 
when they employ leverage fumished by 
other opinion makers. During the past dec- 
ade, AAAS has met this challenge by pro- 
viding forums in which technological prob- 
lems that affect all of us were discussed. 
These presentations have been well covered 
by the mass media. 

After the mass media begin to devote 
attention to a problem, public awareness in- 
creases, and politicians become interested. 
However, in helping to create judicious pub- 
lic opinion, the scientific societies can have 
an important role. Especially useful are fact- 
finding commissions and committees. Thus 
the Air Conservation Commission of AAAS 
served a valuable function in early delinea- 
tion of facts concerning air pollution. Re- 
ports from committees organized by the 
National Academy of Sciences have been 
helpful in crystallizing public opinion on 
such issues as birth control. In general, the 
reports have had an effect roughly pro- 
portional to the level of scholarship and 
objectivity which characterized them 

The goal of opinion-making should be 
constructiv;. action. A prerequisite for this is 
(borough planning based on an adequate 
fund of knowledge. Scientists can make 
imaginative contributions to planning, and 
they can help ensure that the factual bases for 
decisions are as sounu as possible. 
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Of all the traits which qualify a scien- 
tist for citizenship in the republic of 
science, I would put a sense of respon- 
sibility as a scientist at the very top. 
A scientist can be brilliant, imaginative, 
clever with his hands, profound, broad, 
narrow ---but he is not much as a scien- 
tist unless he is responsible. The essence 
of scientific responsibility is the inner 
drive, the inner necessity to get to the 
bottom of things: to be discontented 
until one has done so; to express one's 
reservations fully and honestly: and to 
be prepared to admit error. 

— Alvin Weinberg (/) 

I agree with this assessment of the 
centra] role of scientific responsibility 
but not in all respects concerning what 
constitutes responsible behavior in some 
difficult situations. There are two major 
kinds of scientific responsibility. There 
is the pattern of responsible behavior 
that is associated with basic research 
and the communication of the results. 
And there are the problems that arise 
when scientists deal with issues involv- 
ing social responsibility->such matters 
as the control of nuclear and other 
weapons, t?»e uses and hazards of toxic 
chemicals and radioactive materials, the 
choice among various modes of produc- 
ing or conserving energy, or the criteria 
for deciding whether to dam a river or let 
it flow freely. These are very different 
problems from those involved in basic 
research; the decisions reached involve 
value judgments. They are. and indeed 
should and must be, political decisions. 
Nevertheless, applied scientific knowl- 
edge is an important element in the 
making of such decisions. Scientists 
who enter these disputed areas encoun- 
ter problems of responsible behavior 
that are considerably more complex than 
those of the scientist who is working 
out basic problems in the laboratory, or 
in thou^t and calculation. However the 
two areas also have much in common, 
and the problems of social responsibility 
cannot be considered properly without 



keeping in mind the general code of 
scientific behavior that has evolved 
over the last few centuries. 

The pattern of conduct that has devel- 
oped in basic research serves to maintain 
what Robert Merton called the ethos of 
science (2). It involves the acceptance or 
rejection of reported findings of other 
workers on the basis of what Merton 
terms ''preestablished impersonal cri- 
teria." and the public presentation of sci- 
entific findings (usually, and preferably, 
after critical review by editors and refer- 
ees) so that they are available to the 
whole community. It also involves the 
social system of "organized skepticism" 
that subjects reported findings to con- 
stant critical review, with no assurance 
of finality. Scientists are expected to 
point out the limits of uncertainty in their 
findings and the inferences they draw, 
and they are expected to acknowledge 
their debts to others whose work, both 
published and unpublished, has contrib- 
uted to what they have achieved. Sci- 
ence is a communal enterprise: every 
contribution builds upon the work of oth- 
ers. 

This is an idealized picture. Acknowl- 
edging the debt to other workers is in- 
deed central in the ethos of science.^ yet 
!t would be intolerable to cite a massive 
set of references for an ordinary paper. 
Aggressive scientists are sometimes 
skillful in getting credit for ideas that oth- 
ers may have published before, but they 
may also be genuinely ignorant of the 
earlier work. Even those who are quite 
scrupulous may pick up ideas from pa- 
pers for which they serve as referees, or 
from serving on a panel that reviews 
grant applications, and they may remain 
quite unconscious of the source of their 
ideas. Since recognition of significant 
originality in discovery is the main road 
to scientific prestige and honor, most sci- 
entists are understandably sensitive to 
the failure of others to acknowledge their 
work. A few u' sual people are dramati- 
cally different: they cast forth their ideas 
freely, and are happy to see others pick 



them up. This is what Jacques Monod (i) 
wrote about Leo Szilard: 

Most scieniists of course do not formulate 
any significant new ideas of their own. The 
few that do arc inordinately jealous of. and 
unduly faithful to. their own precious little 
ideas. Not so with Szilard: he was as generous 
with his ideas as a Maori chief with his wives 
Indeed he loved ideas, especially his own. But 
he felt that these lovely objects only revealed 
all their virtues and charms by being tossed 
around, circulated, shared, and played with. 

I am not an anthropologist and cannot 
claim knowledge of how Maori chieftains 
share their wives, but Monod's descrip- 
tion certainly characterizes Szilard and 
other unusual individuals. 

The pursuit of knowledge in basic sci- 
ence is inevitably full of rivalry and com- 
petition, especially in the fields that are 
most active, but it usually proceeds in an 
atmosphere in which there is a great deal 
of free communication of ideas and ac- 
tive discussion. When obvious major 
practical results begin to appear, a trend 
toward secretiveness usually sets in. The 
most dramaJic example is the eflfect on 
physicists of the discovery of nuclear fis- 
sion and the secrecy that followed. More 
than one distinguished physicist has re- 
called nostalgically the intellectual free- 
dom of exchange in physics in the years 
before 1939. A somewhat similar change 
appears to be taking place among the 
molecular biologists today, as the tech- 
niques of gene cloning hold forth the 
promise of manufacturing substances of 
great biological importance, cheaply and 
on a large scale. Some of my younger 
colleagues have told me that they find 
scientific meetings less interesting than 
they were, even 5 or 6 years ago; too 
many people, they say. are clearly hold- 
ing back information, presumably with 
an eye to applying for patents on new 
processes. There have even been 
charges that some authors of reports are 
deliberately failing to cite relevant work 
of others in hopes of claiming a patent on 
some new biological process or product. 

This competitive atmosphere has 
sometimes led to publicity of a sort pre- 
viously not practiced among scientists. 
In a recent article entitled ''Gene cloning 
by press conference.'' Spyros Andreo- 
poulos (4) of the Stanford Medical Cen- 
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ter News Bureau quotes a letter from 
Joshua Lederberg to Senator Gaylord 
Nelson of Wisconsin. 'The possibility of 
profit— especially when other funding is 
so tight— will be a distorting influence on 
open communication and on the pursuit 
of basic scholarship/* Lederberg wrote* 
although he noted that many, perhaps 
most, university scientists disagreed 
with his views. Andreopoulos showed 
that some new developments announced 
at press conferences receive wide public- 
ity* before they appear in the scientific 
literature, while other work of at least 
equal significance passes through the 
regular channels of critical reviewing be- 
fore it appears. Reports at press confer- 
ences can be misleading; for example, 
one new account of the production of hu- 
man insulin by recombinant DNA tech- 
nique3 created the impression that the 
product was biologically active; the later 
publication of the data in a journal 
showed that this was not so (4). 

The traditional patterns of scientific 
reporting and communication— the sci- 
entific ethos, in Merton's phrase- may 
be in danger of undergoing significant 
erosion. As a believer in the classical tra- 
dition of operation in basic science. I 
hope that the erosion may be halted. 

Independent Scientists and 
Issues of Public Policy 

A more difficult subject is the roie of 
scientists in matters of public policy. Let 
me begin with a classic example from 
nearly 20 years ago: the publication of 
Rachel Carson's Silent Spring (5) with its 
vigorous attack on what she considered 
the gross misuse of pesticides. She was 
both a trained scientist and a gifted 
writer. The biological community had 
been concerned about the ecological 
damage from vwciespread use of pesti- 
cides such as DDT. but no authoritative 
body had made a critical study of the 
problem and publicized its conclusions. 
The book had an immense impact. It was 
also attacked by many agriculturists and 
nutritionists, who called it misinformed, 
fanatical, or even a hoax. The Presi- 
dent's Science Advisory Committee, 
however, took Carson's charges serious- 
ly and set up a special panel of experts to 
investigate the problem. After 8 months 
of hearings they produced a report (6) 
that in large measure vindicated Car- 
son's claims and also concluded that 
massive attempts to eradicate certain in- 
sects by pesticides were unrealistic and 
ecologically dangerous and that * 'elimi- 
nation of the use of persistent toxic pesti- 
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cides should be the goal.** President 
Kennedy released the report in May 1%3 
and requested the responsible agencies 
to implement its recommendations. 

The pattern of subsequent events is 
complex; but it would not please either 
the strong supporters or the fervent op- 
ponents of chemical pesticides. Some 
strong controls have indeed been im 
posed; DDT, which was the principal fo- 
cus of Carson's attack, has been banned; 
but the general use of chemical pesti- 
cides in agriculture is probably as wide- 
spread as ever, if not more so. Many of 
the current pesticides are more toxic to 
humans than DDT. Other poisons, such 
as the polychlorinated bipbenyls (PCB's), 
used in industry rather lhan in agricul- 
ture, have been recognized as serious 
environmental hazards. Highly specific 
pesticides for particular species of in- 
sects, such as the juvenile hormones, 
have been developed but as yet have 
found little practical use. 

Mention of Carson's book can still 
rouse both enthusiasm and denunciation. 
Undoubtably in some respects she exag- 
gerated ihe damage done by pesticides. 
My own view is that, on balance, she 
performed a great public service and de- 
serves to be remembered with honor. 
Certainly the sense of responsibility for 
the environment that she inculcated is 
now implanted in a vast number of 
people. 

This episode exemplifies many of the 
problems that scientists encounter when 
they become involved in issues of social 
responsibility. Carson was a trained sci- 
entist, but not in the field of agricultural 
ecology. She had much to learn, and she 
did learn, in the process of preparing to 
write the book. The agriculturists still 
did not regard her as a real professional 
in their field. However, many, if not 
most, of the agriculturists had financial 
and career ties to the use of pestipides 
and to the industries that produced them. 
The committees of the National Acad- 
emy of Sciences that dealt with such 
matters in those da>o tended to be domi- 
nated by people who had similar biases. 
The Academy has changed and now ex- 
amines systematically the industrial and 
other connections of the members of its 
committees. The aim is not to eliminate 
all people with possible bias— that would 
eliminate most of the experts, in some 
fields at least— but to obtain a balanced 
spectrum of people with different kinds 
of bias, together with some who might be 
genuinely dispassionate in considering 
the issues. 

Since nearly all controversial issues of 
this sort involve technology, as well as 
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basic science, the disputes cannot be re- 
solved in terms of "preestablished im- 
personal criteria." Scientific facts and 
value judgments are so closely inter- 
woven that it is exceedingly difficult to 
disentangle them, and the inferences to 
be drawn are inconclusive. Scientists 
can honestly disagree as to what infer- 
ences can legitimately be drawn from the 
facts. 

Thus we are operating in a quite dif- 
ferent domain from that of basic science. 
The Federation of American Scientists 
(FAS), which addressed this problem 
(7), accepted as inevitable ". . . that sci- 
entists involved in public debate will 
have to go beyond discussing what is sci- 
entifically known f^r certain," since 
public policy matter, involve the making 
of decisions in the face of enormous un- 
certainties. At the same time, the FAS 
report said that scientists who take an 
active part in public debates should 
avoid dogmatic claims, be willing to ad- 
mit and correct errors in their state- 
ments, and reason with those with whom 
they disagree. However, the report con- 
cluded that professional scientific so- 
cieties are generally unqualified to mon- 
nitor and pass judgment on the conduct 
of scientists involved in such debates. 
The societies are accustomed to dealing 
with more traditional patterns of conduct 
within the scientific community and are 
unequipped to deal with the far more un- 
ruly debates that arise when social and 
political questions are involved. It is the 
community of scientists who do take an 
active part in public debate on these con- 
troversial issues V ho must work out ap- 
propriate guidelines for responsible con- 
duct. As the debate proceeds, it will be- 
come clear who the scientists are who 
are speaking responsibly and with due 
respect for the facts. 

Weinberg (/) holds that the essential 
sense of responsibility is being eroded in 
the current debates on such matters as 
energy policy and environmental pro- 
tection, with scientists making sweeping 
pronouncemen:s on issues far outside 
their own fields of competence. He be- 
lieves, for instance, that a scientist who 
thinks he has evidence that current stan- 
dards of environmental protection are 
too lax should submit his findings to ^ 
refereed scientific journal before pub- 
licizing them. If the journal rejects the 
report, the author may honestly believe 
that the reviewers are biased. In that 
case he may be justified in bringing the 
matter before the public, while admitting 
that others disagree with him. 

There are many cases in which such a 
procedure will help bring more rational- 
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ity into the debate; but scientists dis- 
cussing public issues are often involved 
in public discussions, or interviews on 
tefevision, where the limited Jime makes 
it impossible to state all the reservations 
that a careful scientist might add to quali- 
fy his remarks. In the heat of debate 
there is also the tendency to overstate 
the case. Politicians and others would 
like simple answers to complex ques- 
tions. Certainly scientists should be pre- 
pared to state publicly that they have 
made erroneous statements, and correct 
them; on this vital point there is no dis- 
agreement between Weinberg*s position 
and that of the FAS. 

Among the value judgments involved 
in these controversial issues, a funda- 
mental difference of view is often pres- 
ent. If, for instance, the evidence is in- 
conclusive about the toxicity of some in- 
dustrial product, should it be banned un* 
til it is proved safe or used until it is 
proved dangerous? Until the last two or 
three decades, the latter policy was most 
commonly accepted. Recently the more 
cautious policy has prevailed; the in- 
creasingly severe standards for the li- 
censing of drugs by the Food and Drug 
Administration represent perhaps the 
most striking example. Such caution has 
its penalties as well as its merits; for ex- 
ample, Carl Djerassi {8) pointed out the 
difficulties in the development of new 
and better contraceptives that the strict 
rules of testing have imposed. Some- 
times more is lost than gained by exces- 
sive zeal in testing before release. This is 
likely to be true for the selective pesti- 
cides that act by inhibiting the develop- 
ment of certain species of insects. 

Decisions on such matters as building 
an airport or a power plant, or damming 
a river, inevitably involve value judg- 
ments as well as technical facts. They 
require estimates of future needs, which 
are often highly unreliable. For exam- 
ple, the estimates made a decade ago 
about future needs for electric power in 
the United States have been drastically 
scaled down in the light of experience. 
Expert testimony in such matters is like- 
ly to be colored, consciously or uncon- 
consciouoly, by the expert's system of 
values. 

Cost-benefit analysis in such situations 
of conflict is a treacherous game; the 
costs and benefits are usually quite in- 
commensurable; ultimately decisions are 
likely to be made by the political process 
in which the public perception of what is 
desirable counts for more than the cost- 
benefit calculations of experts. Lord 
Ashby (9) concluded that it is probably 
better so: 
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AH attempts to rely on quantification in 
such decisions as these, to create them out of 
computer scenarios, to deduce them from 
cost-benefit balance sheets, arc likely to make 
the decision worse, not better; for in the pro- 
cess of gelling hard data, the fragile values, 
ihe unquanlified information, the emotive ele- 
ments ♦vhich nourish the public conscience, 
alt run through the filter and are lost, and so 
the quantified information assumes an impor- 
tance out of proportion to its real value. 



Whistle-Blowing and Professional 
Responsibility 

Scientific and technical professional 
employees, in industry or government, 
on occasion have reason to sound warn- 
ing** of dangers about processes or prod- 
ucts, or sometimes to call attention to 
opportunities for improvement that they 
believe are being neglected. Obviously 
employees should approach their superi* 
ors, point out the source of trouble, and 
urge correction. If the superiors fail to 
respond and the issue is really serious, 
the employee can bring it before the pub- 
lic. People who do this are commonly 
called whistle-blowers {10). 

Whistle-blowing is obviously a high- 
risk occupation, and those who practice 
it must be prepared for trouble. A classic 
example arose during the building of the 
Bay Area Rapid Transit (BART) system 
in San Francisco {//). A major feature of 
the system was the automated train con- 
trol, developed under a contract with the 
Westipghouse Corporation. Three engi- 
neers. Max Blankenzee, Holger Hjorts- 
vang, and Robert Bruder. concluded that 
the system design had grave defects, but 
their concerns were disregarded by the 
management. Finally, early in 1972, they 
went to BART*s board of directors 
which, after a hearing, voted 10 to 2 with 
management. The three engineers were 
fired. Subsequent dangerous failures of 
the automated train control, which oc- 
curred after the system started to oper- 
ate, fully vindicated the engineers. The 
California Society of Professional Engi- 
neers investigated the case and decided 
that the dissenting engineers "had acted 
in the best interest of the public wel- 
fare." The California legislature con- 
ducted an investigation that confi*^med 
the validity of the engineers' warnings. 
The three then sued Westinghouse for 
$885,000 but eventually settled out of 
court for a relatively modest sum, which 
was probably quite inadequate com- 
pensation. 

A more recent case involved Clifford 
Richter, a health physicist at a state hos- 
pital in Columbia, Missouri {12). He re- 
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ported certain violations of safety regula- 
tions at the hospital to the Nuclear Regu- 
latory Commission, as he was in duty 
bound to do by law. The hospital man- 
agement retaliated by abolishing his job. 
A federal court eventually ordered his 
reinstatement, under the employee pro- 
tection section of the Energy Reorgani- 
zation Act, and the payment of back sal- 
ary. The reinstatement has been chal- 
lenged, however, and appealed to the 
U.S. Supreme Court. 

In another case, Morris Baslow, a ma- 
rine biologist, was fired after he pre- 
sented evidence, in a court hearing on a 
U.S. Environmental Protection Agency 
inquiry, concerning the effects of cooling 
water from power plants on fish in the 
Hudson River {13). He urged his employ- 
ers to present the evidence, but when 
they ignored his recommendations, he fi- 
nally presented the data to the court di- 
rectly. Eventually he reached an agree- 
ment with his former employers, but 
only after many months of delay, while 
he was out of work. 

In these cases the whistle-blowers put 
their jobs and reputations in jeopardy. It 
is obviously in the interest of public 
health and safety that such people should 
be heard and fairly judged; and if their 
views are upheld after a hearing by a 
suitable body, they deserve com- 
mendation, and perhaps promotion, not 
discharge. Congress has passed several 
laws in recent years to protect the rights 
of employees who report to their em- 
ployers matters that call for correction. 
The Nuclear Regulatory Commission is 
now formulating rules that should en- 
courage employees to report matters of 
concern to higher officials, with guaran- 
tees against reprisals, whether or not the 
employee's recommendations are ac- 
cepted. This represents an encouraging 
trend in the Executive Branch of the 
government. Rules to protect employees 
are still nonexistent in most private busi- 
nesses, though a few firms have begun 
pioneer moves in this direction. David 
Ewing of the Harvard Business School 
has outlined detailed proposals for fur- 
ther reform {14). 

Of course whistle-blowers are not al- 
ways right. They might be motivated by 
personal malice, they may be cranks, or 
Ihey may be honest, but mistaken. Both 
common sense, and a sense of loyalty to 
the employer, dictate an earnest effort to 
settle differences of opinion by working 
within the organization. However, if 
higher authorities fail to respond, and if 
the matter appears to involve serious is- 
sues of human safety and health, it may 
be necessary to bring the matter to pub- 



lie attention. The individual who takes 
such a nsk obviously needs good legal 
advice and other kinds of help {15), Our 
complex society needs increasing input 
from those who perceive otherwise un- 
noted risks or opportunities and bring 
messages that may be unwelcome to es- 
tablished authorities. To use criticism 
and dissent constructively in dealing 
with both risks and opportunities, clear 
policies are needed, with definitions of 
procedures for due process in con- 
troversial cases and, if necessary, formal 
hearings and a possibility of appeal. 

The polarization of opinions on some 
issues today is disturbing. The conflict 
between the advocates and enemies of 
nuclear power is one example; the dis- 
pute over the origins of cancer is becom- 
ing another. Richard Peto {16) described 
the distortions and untruths promoted by 
tobacco companies in their efforts to dis- 
credit the overwhelming evidence for the 
relation between smoking and lung can* 
cer. At the same time he severely criti- 
cized some of the alleged evidence that 
would ascribe nearly all cancers to toxic 
substances introduced by man. S. S. Ep- 
stein, whom Peto sharply criticized, has 



responded vigorously (77). The gravity 
of the hazard from industrial carcinogens, 
to workers and others, is clear; but 
their relative role in the totality of human 
cancers is still hotly debated. In the 
bitterness of such controversies, either 
side may distort data. As Peto remarked, 
*'Scientists on both sides of the en- 
vironmentalist debate now have career 
interests at stake.** But it is important 
above all that the passion for getting 
at the truth should be the dominant pas- 
sion for scientific workers when they are 
trying to act as responsible scientists. 
That may appear sometimes to be an un- 
attainable goal in the atmosphere of cur- 
rent debate, but it is worth striving for, 
both to maintain the confidence of the 
public and to keep confidence in our- 
selves. 
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It has been the custom for Siieni. t to 
publish at this season, of the year a 
biography of the incoming president- 
elect of AAAS. I have bargained instead 
with the Editor to use this space to 
explore with you some of my mterests 
and prejudices, hopes and fears, related 
to science, technology, scientists, socie- 
ty and, of course, AAAS. The onl> bio- 
graphical information that is of signifi- 
cance to you is that I am a physical 
chemist by training with a modest track 
record in research and long experience in 
a liberal arts college that takes science, 
research, and the development of its 
students seriously and that I have served 
the larger community of scientists and 
society as a member of the National 
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Science Board, 1972-1978. and president 
of the American Chemical Society, 1978. 

Ihrougii coope,»'ation with its approx- 
imately i^OO affiliated societies. AAAS 
has unique potential to serve an integra- 
tive function in issues of general interest 
and concern to the scientific community. 
The focus here shall be primarily on 
some of ihusL general issues the integri- 
ty of science, ihf impact of science and 
technoiog> on society, the impact of 
society on science and technology, the 
culture of a reaiisUc envnonment for 
science and technology, the participation 
of scientists and scientific societies in 
public decisions, and the culture of sci- 
entifir manpower. It is not important 
whether you agree or disagree with my 
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perceptions. It is important that we seek 
to understand our profession in its cur- 
rent context and to take actions with due 
regard to the future. 

Surely all of those who read Science 
understand the integrity of science and 
are diligent in their efforts to ensure it is 
not violated. However, observations of 
what we do and what we say suggc*^i that 
we are not acutely aware tha* science is 
two things, process and the body of 
knowledge generated b> that process, 
and we may not appreciate that to under- 
stand the integrity of process is to under- 
stand the integrity of the body of knowl- 
edge generated. 

By process, I mean all of those things 
that are involved in the design of experi- 
ments or programs of observations, the 
execution of these experiments or pro- 
grams, the processing of information and 
assessment of the validity of results in- 
cluding models that may have been gen- 
erated. What are the assumptions on 
which the work is based? What are the 
assumptions and approximations intro- 
duced in the generation of models? Sci- 
entific studies have been extended to 
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more and more compiex systems using 
more and more complex methodologies, 
higher and higher levels of sophisticated 
instrumentation, and more and more pre- 
packaged computer programs. We have 
continuously expanded our capabilities 
and productivity and. in so doing, we 
have compounded the problems associ- 
ated with the assessment, of the validity 
of the product. By process, I also include 
the scrutiny, testing, and revision to 
which scientific knowledge is continu- 
ously subject. 

It is generally accepted that the free 
exchange of scientific know-how and sci- 
entific knowledge is a basic tenet of the 
scientific community. At the same time, 
it is well known that an individual may 
create barriers to retard the flow of infor- 
mation within an institution, that an in- 
stitution may create barriers to inhibit 
the flow of information to other institu- 
tions, and that a nation may regulate the 
exchange of information with another 
nation. Herein lie very thorny issues, the 
resolution of which has a great deal to do 
with the environment in which the scien- 
tific community proceeds. Actions to 
restrict flow of information reflect the 
perceived short-term advantage of pro- 
prietary scientific know-how and knowl- 
edge but discount our mutual dependen- 
cy and the long-term benefits of the free 
exchange of scientific knowledge. The 
long-term costs of mistrust and stagna- 
tion are significant indeed. Three types 
of situations that justify careful consider- 
ation are the relation of national security 
considerations to the free exchange of 
scientific information with Soviet scicn- 
tists« the relation of the proprietary inter- 
ests of industry to the free flow of infor- 
mation within and from academic labora- 
tories, and the impact of the practices 
of individual scientists upon their col- 
leagues and students. 

If wt ire to understand the environ- 
ment in which we work, we must under- 
stand the impact of science and technol- 
ogy on our intellectual perception of life 
aad the world about us. on the quality of 
life, and on the quality of the environ- 
ment in which we live. Undoubtedly* the 
greatest impact of science and technolo- 
gy is on the first. I suspect that those 
magnificent photographs of Earth from 
space brought about an irreversible 
change in our perception of our planet 
and its resources and thi^ changed per- 
ception broadened and intensified the 
environmental protection movement. 

! suggest three promises: 

1) every technological innovation, 
regardless of how great its positive im- 
pact on society, also has a negative im- 
^"^ct on society. 
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2) the benefits and the negative im- 
pacts may be experienced by different 
subsets of society, and 

3) the benefits and the negative im- 
pacts may be experienced in different 
time frames. 

The term "benefit/risk analysis'' is 
consistent with the first premise, and 
historians tell me that this sweel/'bitter 
consequence of techtiological innovation 
IS a characteristic of all social, economic, 
and political change. Some of the long- 
term consequenees of technological in- 
novations can be surprising. Spectacular 
advances in medical technology have 
enabled us and our descendants to live 
longer: two consequences ivre the escala- 
tion in the rate of consun^ption of re- 
sources and the escalation in pollution. 
We must be alert to the total conse- 
quences, both positive and negative, 
both short-term and long-term, and be 
willing to seek courses of actions to 
minimize and more equably distribute 
the negative consequences of technologi- 
cal innovations. 

In a democratic society, it is the pub- 
lic, through its surrogates, that has the 
right and responsibility to make deci- 
sions in matters concerning the quality of 
life and the quality of the environment. 
Such decisions invoWe value judgments. 
Many other value judgments, internal to 
industry, determine the course of inno- 
vations. There has been some tendency 
to believe that if we all understood the 
science involved, we would all make the 
same decisions concerning the use of 
science and technology This is. of 
course, not true as has been amply dem- 
onstrated in regard to the use of nuclear 
power technology Equally informed in- 
dividuals may make entirely different 
value judgments and take quite different 
positions in regard to a particular tech- 
nology. Science education clarifies tech- 
nical matters but it is not a route to 
unanimity in decisions involving value 
judgments. 

If we are to understand the environ 
ment in which we work, we must also 
understand the impact of society on sci- 
ence and technology. It is evident that 

1) the direction and the rate of exten- 
sion of scientific knov^ ledge are to a large 
degree determined by social, economic, 
and political factors, and 

2) the direction and the rate of devel- 
opment of technology tre to a large 
degree determined by social, economic, 
and political factors. 

The allocation of public monies to the 
support of basic res trch is an act of 
faith that the research results will, on 
balance, enhance our national image, 
lead to t'm development of goods and 
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services essential to the public welfare or 
at leasi to the benefit of some influential 
subset of society, or expand our intellec- 
tual perception of ourselves and all that 
surrounds us. 

The allocation of funds among the var- 
ious disciplines and within the disci- 
plines Is very siunificant in the determi- 
nation of both the direction and the rate 
of extension of knowledge. Herein lie 
thorny issues. If the scientific communi- 
ty canno; or will not provide the leader- 
ship in establishing relative priorities, 
congressional committees and private 
foundations will, by default, set prior- 
ities among the competing interests with 
probable long-term disadvantage to all. 
We must plan for new thrusts and the 
development of promising innovations. 
Inequities arc highly probable. Some dis- 
ciplines are more skilled than others in 
presenting a united front, and funding for 
some disciplines is much more strongly 
challenged than for others by individuals 
who may minimize the potential of those 
disciplines to contribute to the public 
good and may. to some degree, fear the 
extension of knowledge in some areas. 

The characteristics of the market- 
place, patent laws, tax structures, tariff 
barriers, and a host of regulations are 
manifestations of the social, economic, 
and political forces that shape the deveU 
opment and productivity of technology 
and the research supported by industry. 

I am convinced that a realistic envi- 
ronment for science and technology is 
essential for the vvel*'are of the nation and 
that the entire scientific community 
should devote its best efforts to the cul- 
ture of such an environment. I propose 
that the basic elements for a realistic 
environment are: 

1) the public understanding of the 
powers and limitations of science and 
scientists. 

2) the public understanding of the 
powers and hmnations of technology and 
technologists, and 

3) the public understanding of the pro- 
cesses involved in making public deci- 
sions concerning science and technolo- 
gy. 

The word public is used here to encom- 
pass all of those who have the right to 
influence pubhc opinion and participate 
in political processes. This, of course, 
encompasses the scientific community. 

It is my impression that some time in 
the past, either the scientific community 
oversold or ^he public overbought sci- 
ence and technology. There are ques- 
tions that science cannot address and 
things that science and technology can- 
not accomplish. We cannot guarantee a 
zero-level concentration, produce a risk- 
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less technological option, or solve soci> 
etal problems. We can alleviate a soci* 
etal problem such as waste management 
by recycling, conversion to less toxic or 
more manageable materials, and design- 
ing containment facilities and special- 
purpose incinerators, but it is the public, 
through its surrogates, that makes the 
social and political decisions. 

I believe that to understand the integri- 
ty of the process of science and the 
integrity of the body of knowledge that 
the process generates is very close to 
understanding the powers and limita- 
tions of science and scientists. I am 
delighted to sec that an increasing num- 
ber of TV science specials focus on 
process and suggest that we should re* 
think the goals of science education, 
particularly science education at the prc- 
cuUcgc level. It is my experience that 
individuals who have some concept of 
process can absorb new knowledge with- 
out great difficulty but that individuals 
who have no concept of process have 
great difficulty absorbing new knowledge 
and are incapable of being rationally 
critical of positions presented as having 
scientific validity. It is quite possible that 
those who have had experience with 
science and those who have not perceive 
our world quite differently and that this 
diffc'ince in perception is greater ihan 
we realize. 

T\tc American public knows remark- 
ably little about technology and the steps 
involved in technological innovation. 
There are a few instances in which the 
mass media have indicated a potential to 
rectify this; there are also groups en- 
deavoring to define goals and develop 
mechanisms to introduce technology 
into the precoUege educational system 
and the liberal arts component.* of col- 
lege and university curricula. All of these 
will require time to make a significant 
contribution. To me, the first step in the 
culture of a realistic environment for 
technology is to recognize that each 
technological innovation has the poten- 



tial to have both positive ana negative 
impacts on society and then get on with 
the public discussion of whether the total 
benefits justify the total risks. Total im- 
pacts encom^».AS a wide range of social, 
economic, and political changes the con- 
sequences of which arc extremely diffi- 
cult or impossible to evaluate quantita- 
tively with confidence. 

If value judgments concerning the im- 
pact of science and technology on the 
quality ol life and the quality of the 
environment and the consequent deci- 
sions are the prerogative of the public, 
what is the role of scientists and profes- 
sional societies? This is another ihomy 
question to be addressed by each scien- 
tist and each professional society. In 
most areas, I am quite clear on my own 
position. First and foremost, a scienti; t 
is an individual and has the same ''"spon* 
sibilities and privileges as any otUx.. indi- 
vidual. This includes the right, as an 
individual, to espouse values and join 
others in political action. 

Scientists, either individually or col- 
lectively, as scientists hive the respon- 
sibility to provide technical expertise 
based upon training and experience and 
to endeavor to provide that expertise in 
a manner comprehensible to those who 
need the information. In the role of ex- 
perts, scientists do not have the right to 
make a value judgment and then selec- 
tively present scientific information to 
support that value position. To do so is 
to negate the integrity of science. 

Two types of situations are particular- 
ly troublesome. In one, rational deci- 
sions require technical information that 
is not available and cannot be generated 
through validated studies in the time 
available: in the other, scientists ?re 
asked to propose courses of action to 
solve societal problems. Both go beyond 
the technical expertise and, in some cas- 
es, way beyond the level of maturity of 
the science. 

There are two choices. One is to re- 
fuse to go beyond technical competence 



and the other is to provide what I call 
informed judgment, an opinion based 
upon related knowledge and experience. 
The first is to deny the public the benefit 
of informed judgment, the second may 
jeopardize personal creditability and 
possibly the creditability of the disci* 
pline. In both, the scientist has respond- 
ed to a request to go beyond his or her 
level of expertise, and the difference 
between opinion and knowledge must be 
estaolished in the response. 

The culture of scientific manpower is 
fundamental to everything we do. The 
term is being used here in a very compre- 
hensive sense to include the entire pro- 
fessional life-span of scientists as well as 
the recruitment and eariy development 
of scientists, but space is limited and I 
shall simply propose that 

1) curreiit scienc^ education distorts 
the recruitment and development of sci- 
entists, 

2) (he current reward system within 
thf profession distorts the distribution of 
scientific talent within the profession, 

3) and both distortions are io the det- 
riment of the scientific commu Mty and 
the public*s well-being. 

If academic education provides the 
environment that enables a student to 
accomplish something, then we must re- 
think what it is students should be en- 
abled to do. I nominate for the top of the 
priority list "discover the integrity of 
science.** 

In conclusion, attention is calxd to 
some of the more visible AAAS activi- 
ties related to issues touched on above: 
the annual review, in collaboration with 
a number of affiliated societies, of the 
federal budget for research and develop- 
ment, the consortium of affiliated societ- 
ies involved in international programs, 
the activities of the committee on scien- 
tific freedom and "^sponsibility, the pub- 
lication of Science 82 for the reading 
public, and the recent AAAS long-term 
commitment to the improvement of sci- 
ence education. 
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The American Association for the Ad- 
vancement of Science is a unique organi- 
zation. AAAS encompasses more than 
135 thousand individuals involved in the 
investigation of physical, chemical, bio- 
logical, behavioral, social, economic, 
and political phenomena and the use of 
physical, chemical, biological, behavior- 
al, social, economic, and political knowl- 
edge to achieve specific ends. An inspec- 
tion of AAAS activities indicates a 
strong commitment to expansion of sci- 
entific and engineering knowledge and 
utilization of the capabilities of science, 
engineering, and technology in resolving 
societal issues and thus in enhancing the 
quality of life of this and succeeding 
generations — commitments not limited 
by national boundaries. AAAS forums 
effectively address multidisciplinary 
matters of concern to scientists and engi- 
neers and also societal issues of concern 
to scientists, engineers, and the general 
public. 

In recent years. I have become in- 
creasingly aware of the confusion within 
the public, and also within the scientific 
community, as to the nature of science, 
engineering, and technology and the re- 
lation of science, engineering, and tech- 
nology to society. To me, there are com- 
mon elements and interconnections 
within science, engineering, and technol- 
ogy that are attractive and compelling. In 
this article. I explore these relations and 
also the relation of science, engineering, 
and technology to society. In avoiding 
the constraints of a language that 
evolved in less scientific and technical 
times and of terms that have acquired 
prejudicial and devisive connotations, 
the wording has to be. at times, both 
detailed and repetitive. 

My approach is both pragmatic and 
simplistic. It is not important whether 
you agree or disagree. It is important 
that we make the effort to explore rela- 
tions among science, engineenng, and 
technology and their relations to society. 
In this simplistic approach, science, en- 
gineering, and technological innovations 



are approached as processes of investi- 
gation, each generating a body of knowl- 
edge that consists of a data base, an 
array of methodologies, and an array of 
concepts. 

Science, Engineering, and Technological 
Innovation as Processes of Investigation 

Science is the process of investigation 
of physical, chemical, biological, behav- 
ioral, social, economic, and political 
phenomena. Process is used in the col- 
lective sense to include everything the 
investigator does from the selection of 
the phenomena to be investigated to the 
assessment of the validity of the results. 
Process includes the selection of the 
methodology, the choice of instrumenta- 
tion, the delineation of protocol, the exe- 
cution of protocol, the reduction of data, 
the development of constructs, and the 
assessment of the certainty or uncertain- 
ty of the results. The details of process 
are dependent on the phenomena and the 
relative significance of observation, ex- 
perimentation, and theoretical modeling 
in the investigation. The legacy of the 
investigation of phenomena is scientific 
knowledge consisting of a data base, an 
array of methodologies, and an array of 
concepts. 

Engineering is the process of investi- 
gation of how to solve problems and 
includes everything the investigator does 
from the acceptance of the problem to 
the proof of the validity of the solution. 
Engineering has been primarily con- 
cerned with the use of physical phenom- 
ena and to a lesser degree with the use of 
chemical phenoT.ena. This almost exclu- 
sive involvement with physical and 
chemical phenomena is still evident in 
the structure of many schools of engi- 
neering and in the structure of the Na- 
tional Science Foundation programs in 
engineering. Engineering is now also 
concerned with biological phenomena, 
and subdisciplines such as medical engi- 
neering, bioengineering. and genetic en- 



gineering have emerged. The legacy of 
investigations of problem-solving is the 
body of engineering knowledge consist- 
ing of a d^ta base, an array of method- 
ologies, and an array of concepts. 

Technology is the process of produc- 
tion and delivery of goods and services 
Technological innovation, the activity 
more parallel to science and engineering, 
IS the process of investigation leadinp •'^ 
more effective production and deii/c ^ 
of a good or .service, production and 
delivery or a significantly modified good 
or service, or production and delivery of 
a new good or service. Process encom- 
passes everything investigators do from 
identification of concept to successful 
production and delivery of the good or 
service. Here again, technology and 
technological innovation have been in- 
volved primarily with the use of physicai 
and chemical phenomena in the produc- 
tion and delivery of goods and services. 
Today, there is a rapidly expanding in- 
volvement with biological phenomena. A 
legacy of technological innovation is a 
body of technological knowledge con- 
sisting of a data base, an array of meth- 
odologies, and an array of concepts. 
Technological knowledge may also en- 
compass a body of empirical know-how 
derived over time through an arts-and- 
crafts approach to the production of 
goods and services. 

It is true that science drives engineer- 
ing and technological innovation, but it is 
equally true that both engineering and 
technology drive science. The three pro- 
cesses, science, engineering, and tech- 
nological innovation are synergistic. 
Each is dependent upon the other two; 
each supports the other two. It is this 
synergism that so enhances the total 
capabilities of science, engineenng. and 
technology. The productivity of this syn- 
ergism is abundantly evident in the 
events that have and are propelling us 
into an information society. In rapidly 
developing areas of new technology at 
the forefront of scientific knowledge, the 
distinction between science and engi- 
neenng diminishes as scientists investi- 
gate how to solve problems as well as 
investigate phenomena and engineers in- 
vestigate phenomena as well as how to 
solve problems. Technology, of course, 
involves not only sciemists and engi- 
neers but many others working together 
within an institutional structure essential 
to the production of goods and services. 

Anna J Hamson .s professor emeritus of chemis- 
try. Mount Holyoke College. South Hadley. Massa- 
chusetts 01075 This article is based on her presiden- 
tial lecture at the AAAS annual meeting in New 
York City on 27 May 1984 
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Scientific, Engineering, and 
Technological Knowledge 

It is the combined body of Icnowledge 
derived from the processes of investiga- 
tion that are science, engineering, and 
technological innovation that has be- 
come a resource of unprecedented value 
in local, regional, and world affairs. 
There is no term in the English language 
to encompass this conglomerate of 
knowledge, and it may be incorrectly 
referred to as scientific knowledge. To 
do so has escalated the erection of barri- 
ers to free exchange of true scientific and 
engineering knowledge among scientists 
and engineers throughout the worid. 

The int«^grated body of scit .aific, engi- 
neering, and technological knowledge is 
(i) the basis for the investigations of 
phenomena, problem-solving, and inno- 
vation in the production and delivery of 
goods and services: (ii) in part the basis 
of our perception of the universe; of 
physical, chemical, biological, social, 
economic, and political environments 
throughout the world; of ourselves; and 
of relations with others including rela> 
tions among nations; and (iii) the basis of 
technological innovation, the production 
and delivery of goods and services, and 
the effective use of the products of tech- 
nology. 

The first role, the basis of the expan- 
sion of knowledge, ensures the enhance- 
ment of the future capabilities of science, 
engineering, and technology. The second 
role, the basis of perceptions, provides a 
background for assessments, negotia- 
tions, and decision-making and is a sig- 
nificant component of what is becoming 
known as the new liberal arts. The third 
role, the support of technology, prom- 
ises to gratify, at least in part, the desire 
for the benefits of the products of tech- 
nology and the contribution of technolo- 
gy to the economy. This is a promise 
viewed with cautious optimism by those 
who fear the negative impacts of technol- 
ogy on the environment and on the quali- 
ty of life. 



Benefits and Burdens of Technology 

Society is not home free with the bene- 
fits of goods and services and the bene- 
fits of economic developmen^ Every 
technological change, be it by transfer or 
by innovation and regardless of how 
great the positive impact on society, also 
has a negative impact. This is a state- 
ment with no proof. I have for some 
years challenged audiences to cite exam 
pies of technological change for which it 



is not true. The most apt reply so far was 
proposed by a West Point cadet who 
suggested the flyswatter. 

Son;e consequences of technologicai 
change may be surprising. For example, 
the great success of medical technology 
in saving lives and enhancing the quality 
of life is intensifying many social issues. 
There is simply so many more of us to 
consume and to pollute. To recognize 
this is in no way to imply that efforts in 
medical innovation should be dimin- 
ished. It does imply that issues related to 
high density populations must be ad- 
dressed simultaneously. 

The subset of society that derives the 
benefits may not be the subset that bears 
the burdens of technological change. The 
time frame of the benefits may be quite 
different from the time frame of the nega- 
tive impacts. And the magnitude of the 
benefits and the magnitude of the bur- 
dens of technology may be quite iiffer- 
ent. The sweet-bitter characteristic of 
technological change is not a unique 
characteristic of technological change; it 
is a characteristic of change — of all so- 
cial, economic, and political change. The 
goal of technological transfer and tech- 
nological innovation is to bring about 
change. The great challenge is to use 
technological change selectively to en- 
hance the quality of life and to disperse 
more equably the benefits and burdens 
of technological change throughout soci- 
ety. This challenge has the potential to 
unite the endeavors of those in science, 
engineering, and technology with the 
goals and endeavors of all society, in- 
cluding, of course, scientists and engi- 
neers. 



Medicine, Agriculture, and Education 

Many endeavors such as medicine, 
agriculture, and education are in part 
science, in part engineering, and in part 
technology. I find it very illuminating to 
think of them in that way. For example, 
investigating the chemistry of the brain 
and its relation to how we learn and 
remember is science. The endeavor to 
solving problems of communication and 
of the development of curricula and cur- 
riculum materials is engineering. The 
schools themselves are institutions of 
technology delivering services that en- 
able students to expand their knowledge 
and understanding of the universe and 
of the past and present aspirations, 
achievements, and failures of the peo- 
ples on the earth. The schryols have the 
institutional structure and problems 
characteristic of institutions of technolo- 



gy—physical plant, management, work 
force, product design, and quality con- 
trol. Viewed in this way, we could com- 
pare the productivity of our schools with 
the productivity of other institutions of 
technology. 

Is it possible that the forces that deter- 
mine the competitive position of automo- 
biles and other products of technology in 
worid markets are related to the forces 
that determine the posi:ion of children in 
worldwide testing? If so. should we seek 
fundamental causes of both with the ex- 
pectation that the strategies that enhance 
the position of our technological prod- 
ucts in the marketplace may also en- 
hance the achievements of children in 
the classroom? Do we expect a higher 
level of commitment and diligence on the 
part of children in their efforts to extend 
their knowledge and understanding than 
we expect of their elders in continuing to 
extend their knowledge and understand- 
ing? 

The Resolution of Societal Issues 

Some societal issues, such as the per- 
ceived potential of products of our tech- 
nological society such as the chloro- 
fluoroalkanes to diminish the ozone con- 
tent of the stratosphere and permit more 
ultraviolet energy to reach the surface of 
the earth and the perceived potential of 
the combustion of fossil fuels to increase 
the carbon dioxide content of the atmo- 
sphere and elevate the temperature of 
the earth, are truly worid issues. Other 
issues, such as malnutrition, disease, 
acid rain, waste disposal, natural catas- 
trophies. poverty, unemployment, dis- 
crimination, and child abuse manifest 
themselves locally and regionally and 
cah sometimes be resolved locally and 
regionally. In the sense that the prob- 
lems are ubiquitous, they also are Wur!d 
issues. 

The manner in which societal issues 
are perceived and the steps undertaken 
to resolve or ameliorate them are signifi- 
cantly dependent on the available body 
of scientific, engineering, and technolog- 
ical knowledge. Even so, the scientific, 
engineering, and technological commu- 
nity, a subset of the public, cannot re- 
solve societal issues. Such issues relate 
to the quality of life, value judgments are 
called for and value judgments are the 
prerogative of the public and surrogates 
of the public, elected officials and those 
appointed, either directly or indirectly, 
by elected officials. Only society can 
resolve societal issues. Judgments ap- 
propriate to one society are not neces- 
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sarily appropriate to another society nor 
are they necessarily appropriate to the 
same society at a later time. The values 
of society are a continuously evolving 
characteristic of the culture. The prior- 
ities of a society must reflect these val- 
ues and. at the same time, be responsive 
to social, economic, and political pres- 
sures as well as the availability of renew- 
able and nonrenewable resources, in re- 
sponse to these pressures, priorities may 
undergo rapid change. 

It is essential that decision-makers un- 
derstand the probable consequences of 
each available option (including the op- 
tion to do nothing) sufficiently to make 
decisions that are consistent with the 
values of the society. This is as true for 
positions taken in regard to social, eco- 
nomic, and political negotiations and ac- 
tions as for positions taken in regard to 
technological changes involving physi- 
cal, chemical, and biological phenome- 
na. With increasing reliance on referen- 
dums in decision -making at the state and 
local level and the increasing use of 
initiatives to bring issues directly to the 
voter, more individuals are involved in 
making decisions about such sophisticat- 
ed topics as land use. resource conserva- 
tion, waste disposal, the use of nuclear 
energy, and disarmament. 

The roles of scientists and engineers 
are to identify issues, assess the nature 
and the magnitude of the issues, identify 
areas requiring further investigation, 
propose technological options, assess 
the probable positive impacts and the 
probable burdens of each option, and 
communicate these assessments to the 
public or the surrogates of the public in 
such a manner that the assessments can 
be understood. These can be challenging 
tasks. There are no generally accepted 
quality of life indicators, and the practice 
of using economic indicators is at best a 
very inadequate substitute — particularly 
if the data base cannot be disaggregated 
to monitor identifiable subsets of society 
in successive time intervals. Economic 
indicators are valid components of the 
assessment of the quality of life but in 
themselves are not sufficient to assess 
the quality of life. Once the decision is 
made to implement a particular option, 
sc'jntists and engineers may have large 
roles in its implementation and the moni- 
toring of the consequences of the actions 
taken. 

There are gr.at variations in the utili- 
zation of physical, chemical, biological, 
behavioral, social, economic, and politi- 
cal knowledge in the resolution of soci- 
etal issues. The approach to resolution 
through negotiation is highly dependent 
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on knowledge and understanding of so- 
cial, economic, and political structures 
and priorities of the local communities, 
states, regions, and nations involved as 
well as understanding of the relation of 
proposed solutions to the structures and 
priorities. The '•esolution of issues such 
as child abuse or discrimination in access 
to education and employment are sought 
in behavioral social, economic, and po- 
litical phenomena. Even though the reso- 
lution of issues such as toxic waste and 
generation of adequate electrical power 
are sought through the utilization of 
physical, chemical, and biological phe- 
nomena, there are also a host of behav- 
ioral, social, economic, and' political is- 
sues that must be resolved. One of the 
eflfective measures in the resolution of 
the electrical power issue has been self- 
imposed conservation of electrical ener- 
gy by the public. 

If the social, economic, and political 
issues are not resolved, it may become 
increasingly difficult to implement tech- 
nological options or to use eflfectively 
those that have been implemented. Tra- 
ditionally, the focus has been upon the 
utilization of physical and chemical phe- 
nomena to resolve societal issues; it is 
not at all clear how adequate has been 
the incorporation of a more comprehen- 
sive body of knowledge in resolving 
these issues. The current federal R&D 
budget strongly supports the investiga- 
tion and use of physical phenomena. 



Responsibilities of Scientists and 
Engineers 

Scientists and engineers are united by 
responsibilities that are uniquely the re- 
sponsibilities of scientists and engineers. 
Five such responsibilities are identified 
below, all of which are addressed with 
varying degrees of focus and diligence by 
AAAS: (i) to ensure the integrity of 
scientific and engineering knowledge, (n) 
to facilitate the identification and resolu- 
tion of barriers to communication among 
scientists and engineers and to assess to 
scientific and engineering knowledge, 
(iii) to mamtain the distinction between 
the roles of a scientist or an engineer as 
an expert witness and as an advocate, 
(IV) to endeavor to enable all individuals 
to extend their knowledge and under- 
standing of physical, chemical, biologi- 
cal, behavioral, social, economic, and 
political phenomena, of engineering, and 
of technology throughout their lifetimes, 
and (v) to ensure freedom from discnnii- 
nation in education and in employment 
opportunities related to scien^.e. engi- 
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neering. and technology. 

The integrity of knowledge. Any mis- 
adventure in the processes of investiga- 
tion, for whatever reason, compromises 
the integrity of the knowledge generated 
and initiates the diversion of resources 
into nonproductive endeavors. Fraud, 
the deliberate corruption of process, is 
antiethical to the standards and practices 
of the scientific and engineering profes- 
sions; its detection attracts wide public 
attention and seriously diminishes public 
confidence in scientific and engineering 
knowledge and also diminishes public 
confidence in scientists and engineers. 

As serious as fraud is. its occurrence 
can. in time, be detected; I am rnuch 
more concerned about inadvertent mis- 
adventures, which I believe are much 
more prevalent and pose a more msid- 
ious threat to the integrity of process and 
consequently to the integrity of knowl- 
edge. The sophistication of modem 
methodologies, of instrumentation, and 
of computer capabilities enhances our 
productivity and also allows the opportu- 
nities for misadventure to prolifei-ate. 
The probability of misadventure is also 
increased by the movement of scientists 
and engineers into rapidly developing 
interdisciplinary fields and into the in- 
vestigation of increasingly complex 5.ys- 
tems utilizing a wide variety of method- 
ologies and concepts, some of which 
may be new to a number of investigators. 
It is probably more difficult to ensure the 
integrity of scientific and engineenng 
knowledge today than it has ever been. 
To test, reevaluate, and revise constitute 
the ultimate safeguard, but tiie necessity 
to identify a high incidence of essentiaJly 
random misadventures is to be avoided 
through high professional standards in 
teaching and in research supervision 

Barriers to communication. Baniers 
to the transfer of scientific, engineering, 
and technological knowledge diminish 
the utilization of this knowledge as a 
base for further investigations, for new 
perceptions, and for the support of tech- 
nology, including the eflfective use of the 
products of technology. Such barriers 
are worldwide societal issues. Current 
electronic capabilities have the poteniial 
to enable all the peoples of the world to 
transfer information at the speed of light. 
The barriers to access are the cost of 
information services and the sequester- 
ing of nev.' knowledge to protect per- 
ceived short-term personal, institutional, 
and national advantages Scientists and 
engineers have the responsibility to en- 
sure that serious issues raised by the*se 
barriers are addressed as long-term soci- 
etal issues, with a full assessment of total 
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costs and total benefits associated with 
the various options for resolving them. 

Experts and advocates. The roles of 
scientists and engineers as experts and 
as advocates are both honorable, but 
they are different. Confusion about that 
difference on the part of scientists and 
engineers as well as by lawyers and the 
general public has diminished the credi- 
bility of scientists and engineers as par* 
ticipants in the resolution of societal 
issues. 

To be an expert, the individual must 
have attained and demonstrated compe* 
tence in the area of expertise, and the 
individual is obligated to delineate, with* 
out preju dice, what is known and to what 
degree of certainty it is known, what is 
not known, and what is probably know- 
able utilizing current methodologies. 

The role of the advocate is to advance 
or defend a particular position or option 
through the selective presentation of in* 
formation to support a position or op* 
tion. Scientists or engineers choose the 
role of advocate when they make a value 
judgment in favor of a particular option 
and support that option over others. 
This is their right as citizens. On this 
particular issue they have chosen the 
role of advocate and waive the role of 
expert. 

Circumstances can cast a scientist or 
an engineer in the role of advocate 
though it is not his or her intent to be 
such. For example, in the adversarial 
structure of our courts, a scientist or 
engineer called as an expert witness by 
one of the contending parties is con- 
strained to present information that is 
consistent with the arguments of that 
side of the case, even though the witness 
knows that there is equally valid infor- 
mation that would be supportive of the 
other side of the case. This, in my opin- 
ion, is demeaning and destructive to the 
expert witness and. in the long run. 
destructive to the credibility of our 



courts. A scientist or engineer called by 
the court as an expert witness for the 
court is not constrained to support any 
argument and can. in fact, serve as an 
expert witness. 

Lifelong education. It is highly proba- 
ble that most of what an individual 
knows and understands about science, 
engineering, and technology 10 or 15 
years after terminating the formal aca- 
demic experience has been acquired sub- 
sequent to the formal academic experi- 
ence. This follows from the rapid expan- 
sion of scientific, engineering, and tech- 
nological knowledge. It is also highly 
probable that how much an individual 
knows and understands 10 to 15 years 
later is highly dependent on the nature of 
the formal academic experience. 

The education of an individual is the 
consequence of how that individual re- 
sponds to a great multiplicity of enabling 
experiences — some provided for the in- 
dividual and some created by the individ* 
ual. The great challenge is to enable all 
individuals to continue to extend their 
knowledge and understanding of sci* 
ence. engineering, and technology 
throughout their lives. It is frequently 
the new developments in science, engi- 
neering, and technology that are most 
relevant to the resolution of societal is- 
sues. 

It has been my experience that in 
endeavoring to communicate with legis- 
lators, lawyers, business personnel, and 
journalists, who may have little back- 
ground in science, it is comparatively 
easy to bring them up to speed in recent 
scientific advances if the individual un- 
derstands the nature of scientific knowl- 
edge and the nature of the process of 
investigation that generates knowledge. 
In particular, it is essentia! that the indi- 
vidual understands the uncertainty asso- 
ciated with scientific knowledge and has 
some concept of probability. Without the 
understanding, it is very difficult, if not 



impossible, to use scientific knowledge 
as a basis for decision-making. 

The schools, the museums, and the 
mass media are in the business of provid- 
ing enabling experiences. If the public is 
to keep pace with science.^ engineering, 
and technology, scientists and engineers 
must use their knowledge and under- 
standing of the nature of the changes 
taking place to assist others to ensure 
that appropriate enabling experiences 
are made available to the public. 

Discrimination. For society to derive 
the benefits of the creativity and produc- 
tivity of the physically handicapped, mi- 
norities, and women in the scientific, 
engineering, and technological profes- 
sions, it is essential that scientists and 
engineers be vigilant in ensuring freedom 
from discrimination in acces to educa- 
tion and in employment opportunities 
related to science, engineering, and tech- 
nology. 



Conclusion 

The coherence of the scientific disci- 
plines, the synergism of science, engi- 
neering, and technology, the congruity 
of responsibilities of scientists, engi- 
neers, and the public in resolving soci- 
etal issues constitutes a tremendous po- 
tential to expand knowledge, to protect 
and improve the quality of the environ- 
ment, and to enhance the quality of life 
of all the peoples of the earth. I suggest 
that the great deterrents to the utilization 
of that potential are limited commitment 
to enabling all students, those who do 
not become scientists and engineers as 
well as those who do. to nave access to 
meaningful experiences with mathemat- 
ics and science in tiie schools and limited 
commitment to enabling all individuals 
to extend their knowledge and under- 
standing of science, engineering, and 
technology throughout their lives. 
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The authors in this chapter explore the relation^'hip between 
science and freedom in two different ways. The first approach 
stresses the fu'idamental importance of freedom of inquiry and 
the need to protect scientific independence from intrusions by 
religious or political dogma. The second approach, an almost unique- 
ly American perspective, equates scientific progress with the de- 
velopment of denKxnacy and constitutional traditions. Building on 
this latter argument, some writers have suggested that science and 
freedom go hand in hand, believing as they do that only within a 
democratic form of government can the fn edom of communication 
essentia] to scientific progress properly thrive. 

Various incidents have pror.^pted reflectic on the need to protect 
and strengthen scientific freedom in order to preserve the additional 
autonomy and independence of the individual scientist. John T. 
Edsali, forexampie, responded sharply to the effects of McCarthyism 
on the policies of the Public Health Service in the 1950s. In a 
departure from customary practice, the PHS announced that it would 
withhold research grants on ji^ basis of supposedly, subversive activi- 
ties by the individual scientific in estigator Ir. z powerful testimonial 
on behalf of the importance of scientific freedom, Edsall argues that 
government must support the independent, unfettered investigator 
who provides leadership in science and protect the conditions under 
which such work can flourish. Until governmental policies change, 
Edsall states, he will not accept funds from any agency that denies 
su(^rt to others for unclassified research for reasons unconnected 
with scientific competence or personal integrity. 

No discussion about the prliicii^xs associated with scientific free- 
dom would b'r Complete without some mention of Galileo. In an 
address to the Pontifical Academy of Sciences in 1980, Pope John 
Paul !I reviews the details of the Churches actions against Galileo, and 
invited further scholarly investigation of this incident to dispel the 



mistrust that it has traditionally introduced into exchanges between 
the worlds of science and religion. The co!iaboration between reli- 
gion and modem science is to the advantage of both, the Pope states, 
and just as religion requires religious freedom, science legitimately 
claims freedom to carry on research. 

The editorials concerned with freedom and science in this chapter 
also pursued themes shaped by contemporary events. Writing in the 
midst of early protests against racial segregation and apartheid. Bent- 
ley Glass challenges the scientific community to dedicate itself to the 
defense of freedom of thought and the independence of scientific 
inquiry in resisting repressive racist policies. Can there be any ques- 
tion, he asks, that the freedom of mankind — and the freedom of 
science along with it — are threatened more by the defeats of Little 
Rock and Pretoria than by the Soviet success in launching Sputnik? 
Joseph Turner, in another provocative essay, resists the trend towaid 
endorsing democratic government as the only form of society in 
which science can truly advance by suggesting that the overall effects 
of totalitarian governments on the progress of science have not yet 
be,.* fully determined. DeWitt Stetten, Jr., examines scientific free- 
dom in the context of public debates over the uses and applications of 
recombinant DNA research and warns against the dangers of artificial 
constraints on the progress of science. 

How free should scientists be in pursuing their intellectual inter- 
ests? Is it enough to trust the character of the individual scientist in 
setting boundaries on the methods and means used in developing 
scientific knowledge? In presenting the case for freedom in science, 
the authors in this chapter assumed that the unwntten norms of the 
scientific community would guide professional behavior. As will be 
seen in the following chapter, others looked to a formal code of ethics 
to regulate this freedom. —RC 
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The vast growth of the support of scieiitif- 
ic research by Government has given the 
Government great powers over the careers of 
scientific investigators. On the whole, these 
powers have been used thoughtfully and with 
restraint by enlightened administrators who 
have worked in close collaboration with the 
scientists themselves. However, a serious 
threat to the freedom of the individual and to 
certain basic righL has arisen lately. Re- 
search grants for unclassified research by 
men of high competence and generally un- 
challenged integrity have been withheld, or 
abruptly revoked, because of unspecified 
allegations of supposedly subversive activi- 
ties. Therefore all scientists must welcome 
both the recent request from Sherman 
Adams, Assistant to the President, to Detlev 
W. Bronk, that the National Academy of 
Sciences take the problem under considera- 
tion, and Bronk 's prompt acceptance of this 
responsibility on behalf of the Academy (l). 
The issues involved are grave; they have 
aroused widespread concern among the 
members of the scientific community of the 
United States Yet there has been little public 
discussion of the issues and apparently no 
attempt at explicit formulation of principles 
We may have confidence that the National 
Academy Committee (2) that is to deal with 
the problem will face the issues wisely and 
forlhrightly. Yet committees like this one 
can operate effectively only on the basis of 
informed and thoughtful opinion d^ffu^cd 
generally among American citizens, es- 
pecially those of the scientific world. As one 
of these citizens. I havv set down the follow- 
ing considerations, formulated gradually 
during many months of study and discussion 
with colleagues (3), Certainly I claim no 
special wisdom or insight. Whatever may be 
of value in this discussion ts only a 
reaffinnation of principles long formulated 
and lone honored but apparently often for- 
gotten in the stress of the atmosphere of cri- 
sis in which ws live today. 

Wc must first be explicit with regard to 
where most of the trouble has occurred 
More than one Govemment agency has been 
involved in actions of the type I am dis- 
cussing; but the most numerous and most 
O ious incidents have been related to re- 
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search supported by the U.S. Public Health 
Service. During the last decade, the Public 
Health Service has established a splendid 
record of achievement in its program of re- 
search grants and fellowships, which have 
been administered with wisdom, and with 
respect and understanding for the conditions 
required by scientific men to achieve the best 
that is in them. In the early spring of 1954, 
however, reports began to circulate that 
grants for open, unclassified research were 
being revoked or denied, on grounds 
apparently political and unconnected with 
the competence or integrity of the in- 
vestigators involved. A statement of the poli- 
cy involved was made by Oveta Gulp Hob- 
by. Secretary of the Department of Health. 
Education, and Welfare, on 28 Apnl 1954, 
This was published at the time in several 
newspapers and has since been circulated by 
the Federation of American Scienusts, The 
most relevant paragraphs follow. 

We do not require security or loyally in- 
vesiigations in connection with ihc award of re- 
search grams When, however, mtormaiion of a 
subsiamial nature reflecting on loyally of an in- 
dividual is brought lo our aiieniion. it becomes our 
duty lo give ii more serious considcraiion In tl.ose 
instances where it is esiablished lo ihc satisfacnon 
of ihis Departmeni ihat ihc individual has engaged 
or IS engaging in subversive activiiics or thai ihere 
is senous question of his lo>alt> to the Uniied 
Siaics, 11 is ihc praciice of ihe Departmeni lo den> 
support. 

If ihe subjeci is an applicant, the grant is noi 
awarded. If the subjcci is an invesiigaior respon- 
sible for a grant-supported projeci or is the recip- 
icni of salary from the grant, the gram is ter 
minaied unless ihe sponsoring msiiiuiion desires 
lo appoini an acceptable substitute 

The Public Healih Service supports a large scg 
mem of medical and related research ihrough niort 
ihan 2.000 grants which involve some 1 4. 000 per 
sons each year Alihough this practice has been 
followed sinte June. 1952. fewer than 30 po ^ons 
have been denied support. 

We may note that the policy, for which 
Secretary Hobby has taken responsibility in 
this statement, was not initiated by her, for 
its beginning in June 1952 antedates the 
present Administration in Washington. This 
point is mentioned to emphasize that the 
issues I am discussing may be considered 
apart from party politics. 

The actions described in Secretary Hob- 



by *s statement had already aroused deep 
concern among scientists. For instance, on 
15 April 1954, the American Society of 
Biological Chemists adopted a resolution 
strongly protesting such actions and request- 
ing the National Academy of Sciences to in- 
vestigate the situation. Similar action was 
later taken by the American Physiological 
Society (4) and by other scientific societies 
and groups. These protests and the vigorous 
action of the authorities of the National 
Academy in pursuing the problem have cer- 
tainly played a major part in bringing about 
the inquiry that the National Academy Com- 
mittee has been asked to undertake. 

Secretary Hobby's announcement is not a 
statement of what might happen; it is a state- 
ment of what has happened and what is con- 
tinuing to happen. It was acknowledged in 
the statement itself that nearly 30 in- 
vestigators had been affected by this ruling. 
Others — I do not know how many — have 
been affected since. In some cases the action 
taken involves the refusal to award or to re- 
new a grant, on grounds unconnected with 
the scientific qualifications of the in- 
vestigator or with his personal integrity and 
character, as such terms are commonly 
understood by ordinary men. In other cases 
the action has been more drastic, it has in- 
volved the sudden revocation of a grant 
already awarded and approved, sometimes in 
the midst of a 3- or 5-year term of support. 
Action has been taken suddenly, perhaps 
with a month's notice, after which ail funds 
were cut off. Explanation for the action has 
been refused, but a double blow has been 
dealt the investigator involved. First, he has 
been deprived of funds vital to his research, 
often on extraordinarily short notice. 
Second, the action could be taken by some as 
•mplying something dubious, possibly some- 
thing sinister.- concerning the investigator's 
past. These implications are there, they are 
intangible, nothing is revealed, no opportu- 
nity is given to the investigator to know the 
nature of the implied charge: or to offer any 
reply. The revocation of funds, under such 
circumstances, can threaten his future career 
and make other agencies reluctant to support 
his work If he is in a position that lacks 
tenure, it may even threaten the loss of his 
job. It may be said that the careful avoidance 
of publicity that has been maintained m these 
matters is a piotcction for the individual in- 
volved However, when the investigator 
turns to another agency to seek support, the 
fact that a grant has been revoked or denied 
must almost inevitably appear, and the 
potential ihrea. to his future career will arise 
in acute form. 

It should be reiterated here that the re- 
search for whith these men have been 
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granted funds is not secret in any way No 
threat to national secuniy is involved in their 
pursuing their work openly. They are 
charged with no offense against the law. The 
action taken against them has often involved 
the breaking of a moral agreement, if not a 
legal contract, by the supporting agency. 
The action is taken outside the security sys- 
tem and outside the law, in a no man*s landot 
undefined accusations and vague suspicions. 

A fundamental distinction between open 
and classified research must be emphasized. 
Virtually all of us acknowledge the necessity 
of a security system whenever secret work is 
involved. In the present troubled state of the 
world — a condition which is neither peace 
nor war and which has no earlier parallel in 
the experience of most of us — some such 
system is indeed a somber necessity The 
rigorous requirements of security inevitably 
involve at times the bamng of highly quali- 
fied individuals from access to secret in- 
formation, if there is any reason for sub- 
stantial doubt concerning their loyalty or dis- 
cretion. On occasion the decision must be 
taken to deny the individual such access, 
even though in fact he may be completely 
loyal and trustworthy. If the system is wisely 
administered, such cases :hould be rare. 

The application of the rules is not simple; 
the value of employing an unusually gifted 
individual must be balanced against the risks 
involved in his employment; for every per- 
son is to some extent a secunty risk. The 
general principles, however, are clear, and 
they differ in at least one fundamental re- 
spect from the pnnciples of the law The 
assumption that an individual is innocent un- 
til proved guilty cannot be taken over di- 
rectly into the secunty system. To work 
under that system is a privilege, not a right, 
and individuals may on occasion be rejected 
on suspicion, even if those suspicions are 
unfounded. We may grant these general 
principles underlying the operation of the 
security system, but at the same time we ma> 
raise grave questions regarding the wisdom 
with which the> have been applied in specif- 
ic cases. OverzealoLs application of the 
rules, resulting in the exclusion of highly 
qualified individuals from service to their 
country for inadequate reasons, may in itself 
be one of the greatest of security risks 

Withholding unclassified research grants 
on the basis of undisclosed information, 
however, is a policy that raises totally dif- 
ferent issues. It IS, in effect, an intrusion of 
the security system into a realm that has 
nothing to do with secunty. Security con- 
siderations are a painful necessity, we accept 
them as having compelling force within the 
area where secrecy must prevail. They are 
irrelevant and dangerous when invoked out- 
side that area. 

Whether he operates under the security 
system or not, every person is subject to the 



law . If he has engaged in criminal subversive 
activities he is subject to trial and to punish- 
ment. Such activities, when they exist, are 
indeed frequently so cloaked in secrecy that 
it may be exceedingly difficult to obtain the 
evidence justifying a legal conviction, even 
when one may be convinced that the in- 
dividual is actually guilty. Such criminal ac- 
tivities, however, must be sharply dis- 
tinguished from expressions of opinion, no 
matter how repulsive the opinions may 
appear to most of us. 

For the most part, the identity of the per- 
sons who have been denied support for un- 
classified research is unknown to me. I have 
learned the names of three or four of them, 
however, and they are men whom I know 
well. They are outstanding in their fields of 
research. They have made major contribu- 
tions to our understanding of such subjects as 
the structures of biological macromolecules, 
immunological reactions, ai^ metabolic 
processes. They are admired, respected, and 
trusted by their scientific associates. Some of 
them in the past may have upheld political 
views that seem to me foolish or ill-judged, 
but these are matters that they are free to 
decide for themselves. I do not know one 
among my scientific colleagues who would 
question the integnty or character of these 
men or who would doubt in any way their 
suitability to receive support for open and 
unclassified research. 

The damage done directly to these men by 
the policies of the U.S. Public Health Ser- 
vice is a serious matter. The actions taken 
are regarded as frankly outrageous by many, 
including myself. However, I submit that the 
gravest damage done by these pclictes is not 
to the men whose grants are withheld. The 
few whose names are known to me stand 
high in the esteem of their colleages, both 
they and we deeply resent the imputations 
cast upon them. As yet I know of none of 
them who has not been able to obtain support 
for his research elsewhere. This may not be 
true of all, some indeed, I am sure, fear that 
their ability to get support elsewhere is 
threatened. All this is bad, but the worst 
effects are upon other persons who continue 
to be approved and to receive support. Each 
one can picture himself also among those 
that are in trouble, even though he, himself, 
is in no danger, he may become more 
guarded in his speech, some thoughts that 
come to him he may not speak to his col- 
leagues as freely as before, hesitating now 
and then lest he may say something that 
might conceivably be used against him. 

Two of my colleagues — men of great 
capacity, courage, and force of character — 
have told me they have found this attitude 
beginning to affect them. They granted that 
on rational grounds they had nothing to fear; 
they were clear in their consciences and in 
the eyes of the law; but they knew too well 



the obscure nature of the grounds on which 
support had been denied to others; they 
feared for the younger people working in 
their departments, whose future could be im- 
periled by the denial of support, and they 
became more cautious because of this anxi- 
ety. Such fears are destructive. The struggle 
to guarantee to all men the right to speak 
their minds on controversial issues without 
fear of repnsals has gone on for centures. 
That nght is always in jeopardy and it must 
be constantly and actively maintained. It is 
certainly vital for scientific workers, to 
whom independent thinking is a basic neces- 
sity in their work. 

These fears are supported by indications 
that information from anonymous accusers is 
being used as a ground for disqualifying in- 
dividuals from holding grants from the Gov- 
ernment. The actions taken have been so 
carefully cloaked in secrecy that it is nearly 
impossible for a private individual to know 
what has been done. However, evidence 
from anonymous accusers, not speaking 
under oath, was employed against John P. 
Peters in the hearing that led to his removal 
as a special consultant to the Public Health 
Service. In the words of an editonal in the 
Washington Post and Times Herald on 29 
Nov. 1954 (5)y the work of Peters "involved 
no access to confidential or strategic in- 
formation." Several eminent men— Charles 
W. Seymour, former president of Yale, 
Charles E. Clark, judge of the Second Cir- 
cuit Court of Appeals, and C.N.H. Long, 
former dean of the Yale Medical School — 
testified under oath on Peters' behalf. Yet 
the verdict given upheld the anonymous hos- 
tile informants, the identity of all but one of 
whom was unknown even to the board that 
passed on the case. 

The case of Peters is still under considera- 
tion by the Supreme Court, and it would be 
impertinent to express an opinion m advance 
conceming what the verdict should be. Let 
us tentatively make the assumption that the 
Supreme Court will hold that Government 
has been acting within its nghts in removing 
Peters from his position. I would still hold 
that Government, even if it has these pow- 
ers, should refrain from exercising them ex- 
cept for grave reasons of national secunty. If 
a man has access to secret and vital informa- 
tion or if he IS in a position in which he might 
endanger national secunty by sabotage dur- 
ing a cnsis, then accusations against him 
from any source must be carefully weighed. 
They must be weighed with caution — a skill- 
fully worked anonymous accusation, framed 
by a clever Communist agent, could be a 
powerful weapon in disqualifying a loyal ard 
gifted scientist from serving his country in a 
sensitive position. Nevertheless, when 
national security is involved, such warnings 
cannot be disregarded. If a man working 
under the security system is removed from 
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his post because of anonymous charges made 
against him, this need not imply guilt of any 
sort; it merely means that there is considered 
to be a risk in his employment in a sensitive 
post, a risk that the responsible authorities do 
not feel justified in taking. 

For a man who operates outside the securi- 
ty system, however, the usual standards of 
our law and our society should prevail. If 
such a man is trusted and respected by his 
colleagues and neighbors, if they testify to- 
his integrity, anonymous accusations should 
be ruled out of consideration in relation to 
his fitness to receive a grant for open re- 
search. It is a dirty business to make such 
accusations or to lend an ear to them when 
they are made; they poison the straightfor- 
ward trust in dealings between men, which is 
the normal basis on which scientists, like 
most other people, carry on their work 
togethe*-. To strike at this basis of trust is to 
sow suspicion and hostility, to weaken the 
coherence of our society, and thereby to 
damage the national security itself. 

The policies attacked here violate a long 
tradition — a tradition deeply rooted in En- 
glish and American law — extending far 
beyond the confines of the law as such. This 
tradition insists upon the right of the in- 
dividual, if an accusation is lodged against 
him, to know the nature of the accusation 
and the identity of the accuser. One might 
attempt to evade the issue here by saying that 
there is no accusation — that the Govemment 
is free to grant or withhold funds as it 
pleases; that the receiving of funds for 
scientific research is a privilege, not a right, 
and that this privilege may be withdrawn at 
any time by the granting authority at its own 
discretion. We may admit that technically 
there is much truth in this. The Govemment 
may set the terms upon which it bestows 
these funds; if the proposed recipient dis- 
approves the terms, he is free to refuse the 
proffered funds until the terms are altered. 
But our Govemment exists to serve the peo- 
ple, and it is my conviction that the people 
are not best served by offering money for 
basic scientific research on such terms as 
this. It is not enough, of course, for the sci- 
entists to be convinced of this fact; the ul- 
timate decision is in the hands of the Amer- 
ican people and many will not accept the 
point of view expounded here unless it is 
fully and carefully explained to them. 

It is a matter of profound regret to me that 
the policies that are here attacked have been 
formulated and applied by the U.S. Public 
Health Service, which has performed mag- 
nificent service during the years since the 
war in the support of fundamental research in 
the United States. Its policies have, in gener- 
al, been admirable, 'ts administrators have 
shown an enlightened outlook in promoting 
fundamental research; and, apart from the 
Q '"mentable issues here discussed, they have 
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shown an admirable solicitude for the free- 
dom of the investigator. The laboratory with 
which I have been associated for many years 
has received generous and understanding 
support from the Public Health Service, 
which has made possible a long series of 
researches with which I am proud to have 
been associated. All this I am happy to 
acknowledge. However, the recently de- 
veloped policy of the U.S. Public Health 
Service with which I am concerned here, 
while ostensibly designed to oppose subver- 
sion, appears to me to be itself subversive — 
subversive of the traditional liberties of the 
individual and of his right to be judged by 
due process of law or by something analo- 
gous to due process in matters that do not lie 
strictly within the domain of the law. 

Many will say that the issues involved are 
not as grave as I depict them; that very few 
people are being hurt; that these disturbances 
will pass; and that we may endanger the 
whole structure of Govemment support of 
science by challenging the procedures now 
being adopted. I reject such arguments. Cer- 
tainly I do not share the fears of the alarmists 
who believe that our society is rapidly 
becoming totalitarian; the fact that articles 
like this one can be published and freely dis- 
cussed is good disproof of such ideas. Yet 
the trend toward totalitarian procedures is 
present in the arbitrary actions that I have 
discussed; and the time for resistance is now, 
not later. The men who are enforcing the 
decisions I oppose are certainly not ruthless 
autocrats — they are probably conscientious 
administrators, worried about maintaining 
the flow of Govemmei funds for science 
and fearful lest congressional investigators 
should charge some recipient of a Govem- 
ment grant with being a subversive char- 
acter. All this is human and understandable, 
but I believe that it shows a dangerous timid- 
ity on the part of certain administrators and 
that it has done great harm. Even if only a 
few of our colleagues are hurt — whether it is 
one person or many — I believe that we 
should stand up and protest on their behalf. 
In any case the threat is not to a few persons 
only; it is to all of us; for no one knows 
whether or not he will be the next victim, 
and whether or not he will find his own sup- 
port cut away and his own future in 
jeopardy. 

Inevitably the decision concerning proper 
action in this grave situation is not easy for 
most scientists. Because I am not a depart- 
ment head, and because I derive my research 
support from other agencies that have main- 
tained the tradition of freedom, I feel that I 
can speak more openly than many of in> col- 
leagues. I can say only that the withholding 
of research grants for unclassified research 
on grounds unconnected with the scientific 
competence and integrity of the investigator 
is abhorrent to me. Under the circumstances 




1 shall neither ask for nor accept funds from 
any Govemment agency that denies support 
to others for unclassified research for reasons 
unconnected with scientific competence or 
personal integrity. If I do receive funds for 
research and I learn subsequently that the 
granting agency has adopted such a policy 
toward other individuals, I shall stop using 
such funds and shall retum the unexpended 
balance to the agency that awarded them to 
me. 

I state this as a personal policy without 
urging that my colleagues join me in it. I 
know many whose personal convictions are 
essentially identical with mine but who feel 
precluded from taking similar action because 
of their responsibility for obtaining funds for 
their departments and especailly for the 
younger workers whose careers would be 
imperiled if funds were cut off. For myself, 
however, I can say only that I see great dan- 
ger in the present situation. Having freedom 
to speak and holding the convictions that I 
do, I feel that I cannot keep silent in the face 
of a policy which I believe to be a threat both 
to the freedom of science and to the basis of 
the social order in which most of us believe. 

Immensely powerful forces are transform- 
ing our society and the status of science and 
scientists within our society. For a vigorous 
modem nation, a flourishing science is a 
condition for national strength and even for 
survival. Scientists are urgently needed, and 
the pressure grows increasingly strong to 
consider the scientist as the servant of the 
state. Insofar as he operates under the securi- 
ty system, or in any case in which he serves 
as an adviser to Govemment, the scientist is 
indeed a servant of the state. It is imperative, 
however, to preserve, in spite of the 
portentous growth of the power of the state, 
the tradition of free scientific inquiry by per- 
sons who in their work owe no allegiance 
except to the spirit of inquiry, the desire to 
understand, and the sense of beauty in dis- 
ceming pattems of order amid the chaotic 
multiplicity of phenomena. It is the in- 
dependent, unfettered investigators who 
have made the great germinal discoverics,^ 
and if we do not provide the conditions in 
which such men can flourish, we shall lose 
leadership in science. Yet in our world of 
today such scientists, like others who work 
on problems of a more applied type, must 
receive much of the support for their work 
from Government. It i^ one of the great prob- 
lems of our time to maintain a Federal Gov- 
ernment that has at its disposal immense 
material resources and immense power, and 
still to insure that the power is used with due 
respect for the integrity of the individual and 
for his personal freedom. It is, 1 think, one of 
the great American achievements of the pa.st 
generation that we have largely succeeded, 
during a period of profound social change, in 
combining these almost incompatible objec- 
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tives. I believe that we can and must succeed 
in doing this in the field of Government sup- 
port of science. To succeed requires in- 
cessant vigilance to prevent undue encroach- 
ments on persona] freedom and a patient de- 
termination that scientists and Government 
administrators cooperate and understand one 
another to make the system woiic. 
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In the 325 years since the ordeal of Galileo 
the physical sciences have been emancipated 
from political and ecclesiastical domination 
and, as the globe-encircling sputniks testify, 
can thrive even in the shadow of the State's 
adoption of dialectical materialism as its 
official philosophy. The life sciences, a cen- 
tury since Darwin, still stand embroiled, still 
struggle for th necessary freedom to grow 
untrammelled by common prejudice and 
official disfavor. Yet in the end all science 
must stand free or become the slave of the 
State, the prostitute of material desires. For 
scientists there can, therefore, be no greater 
dedication than to the defense of their free- 
dom of thought and of choice of investiga- 
tion. 

The Congress for Cultural Freedom in a 
conference in Hamburg in 1953 undertook to 
arouse men to the defense of scientific free- 
dom. That effort has been continued since 
1953 through the untinng work of the Inter- 



national Committee on Science and Free- 
dom, of which Michael Polanyi is chairman. 
This committee has published to date nine 
bulletins, of which the last three deal respec- 
tively with "Self-government in Modern 
British Universities," "Hungary, October, 
1956," and "Apartheid, the Threat to South 
Africa's Universities." Each of these is 
engrossing reading. 

The academic freedom of the universities 
of the Western World and the freedom of 
science are inextricably interwoven. In fact, 
the latter may be considered a very branch of 
the former. No scientist can really afford to 
be unconcerned with threats to the academic 
freedom of any university, whether in his 
own land or abroad. 

The Nazi doctrines of racial superiority 
are not dead. In one semblance or another 
they rear themselves wherever men of one 
dominant social group fear themselves 
threatened by the numbers and growing 



enlightenment of a racially different ele- 
mCiit. Apartheid preaches very plausibly the 
theory of the equal but separate development 
of white and nonwhite people in residence, 
in labor, in education. Yet it is plain to see 
that actually it is a barefaced effort of the 
whites to keep the black and colored people 
of South Africa in servitude and educational 
inequality. Education will not be entrusted to 
the natives themselves to develop in in- 
dependence, but will be gently governed for 
them by a (white) Minister of Native Affairs, 
whose viewpoint is sufficiently expressed in 
his own words: "What is the use of teaching 
the Bantu child mathematics when it cannot 
use it in practice? That is quite ab- 
surd. . . .Education must train and teach 
people in accordance with their opportunities 
in life, according to the sphere in which they 
live. . . .Good racial relations cannot exist 
when the education is given under the con- 
trol of people who create wrong expectations 
on the part of the Native himself, ex- 
pectations which clash with the possibilities 
in this country." 

The immediate threat is the exclusion, 
from the five "open universities" which now 
admit them, of all nonwhite students, under 
a Separate University Education Bill which 
will probably be passed eariy in 1958. Can 
there be any question that in the long run the 
freedom of mankind — and the freedom of 
science along with it — is more imperiled by 
the defeats of Little Rock and Pretoria than 
by the success of Sputnik'} 
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Because science depends so immediately 
on freedom of inquiry, partisans of political 
freedom are tv.npted to believe that democ- 
racy, whatever its shortcomings in producing 
space spectaculars, must in the end be the 
form of government best designed to pro- 
duce pure science. The argument is that the 
individual must be free to propose hypi th- 
eses and test them. Heinrich Schliemann in 
the I9th century, for example, had to be free 
both to believe that Hissarlik was the site of 
Homer's Troy and to go to the spot and dig. 
If some government had held, as a conse- 
quence of its metaphysics, that Troy never 
existed, or if some govemment had feared 
that the practice of digging for Troy might 
lead to a penchant for digging into other mat- 
ters as well, then there would have been no 
archeological confirmation of the Achaean 
heroes. 

This argument is sound, but the im- 
plications for the superiority of democracy as 
an environment for science are limited. For 



one thing, freedom by itself is noc enough. 
Although Schliemann may have been free to 
dig as deeply as he liked, he had first to 
amass the fortune necessary to fmance his 
digging. But what is more interesting is that 
science has other characteristics besides the 
need for freedom, and these other character- 
istics suggest that this need if deep may not 
be broad. 

Besides the posing and testing of hypoth- 
eses, science is also characterized by its pro- 
cedure of not attempting to answer all ques- 
tions at once. Scientific knowledge is possi- 
*^'e because it is compartmentalized, because 
'possible to discover truths about one 
question and at the same time ignore other 
questions. Hydrodynamics, for example, can 
be studied independently of thermodynam- 
ics, and the two disciplines together have 
nothing to say about the sensory qualities of 
a cold drink of water on a hot day. It may 
well be that freedom of the most complete 
sort in one part of knowledge is entirely 



compatible with total bondage in another 
part. 

Research in its later stages, it is true, has a 
way of breaking down the very barriers that 
made earlier progress possible. If science is 
compartmentalized, it also strives toward 
unity. The tum of the century saw how in- 
creased knowledge about the structure of the 
atom broke down the barriers between che- 
mistry and physics, and we are now watch- 
ing our growing knowledge of the structure 
of the gene break down the barriers between 
biology and the physical sciences. But unity, 
in turn, produces new compartments. If 
where once stood a fence there is now a 
house, the house itself is a kind of enclosure 
and within it lives a new group of specialists. 

One point about a totalitanan govemment 
is clear. To the extent that it chooses to med- 
dle with the methods of research, or to dic- 
tate the results of research, science will be 
the loser. But without claiming that the pull 
m science toward specialization is somehow 
stronger than the pull toward unity, it is still 
possible to say that freedom to study a partic- 
ular problem is not immediately dependent 
on freedom to study every problem. What 
has yet to be fully determined is what hap- 
pens when a totalitarian govemment chooses 
to support some parts of science vigorously 
and intelligently, because it sees the achieve- 
ments of science as contributing to its own 
greater glory. 




The First Amendment to the Constitution 
explicitly forbids the Congress from abridg- 
ing the freedoms of speech and of the press 
It imposes no comparable constraint abridg- 
ing freedom to learn, to teach, or to inquire, 
yet these may be construed to be implicit 
freedoms and indeed seem to be of a compar- 
able quality. All of these freedoms are, m 
fact, abridged from time to time, subject to 
the test of a real and present danger. In the 
absence of such demonstrable danger^ the 
accepted position is and should be jealously 
to guard the constitutionally guaranteed free- 
doms, both those expressed and those im- 
plied. 



Abridgments of freedom of speech and of 
the press have frequently occurred and have 
been contested. News media report move- 
ments IP many communities ^'.mit freedom 
to teach, especially in areas such as sex 
education. Analogously we encounter today 
senous questions, arising in part from scien- 
tists themselves, about the appropriateness 
of pursuing certain lines of scientific inquiry. 

Some of the consequences of constraining 
freedom of inquiry are well known Jacob 
Bronowski recently reminded us that the loss 
of Italy's lead position in the Renaissance of 
science followed immediately upon and 
doubtless was caused by the adverse judg- 



ment of the Inquisition iinst Galileo, 
which forbade certain lines of inquiry In an 
otherwise impressive forward march of sci- 
ence in the Soviet Union, a generation of 
genet:cs research was lost by the constraints 
resulting from Lysenkoisin Such losses 
must enter into the cost-benefit analysis in 
determining whether to encourage, permit, 
discourage, or forbid a particular line of in- 
vestigation. 

Among the lines of research against which 
voices have recently been raised are the 
following; 

1) What are the genetic contributions to 
intelligence? 

2) What kinds of experiments may proper- 
ly be performed on informed consenting 
adults? Minors? Fetuses? Prisoners? 

3) May one screen infants for a variety of 
genetic defects, some with known, others 
with currently unknown clinical con- 
sequences? 

4) Under what circumstances may one 
tamper with the genetic process, as by the 
introduction of foreign genet'c material into 
the genome? 

5) When may one meddle with human 
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conception and pregnancy as by artificial in- 
semination, abortion, cloning, in vitro 
fertilization, or the use of surrogate mothers? 

In arrivir^ at considered judgments on 
these and a number of other problems, it is 
suggested that we treat freedom of inquiry as 
we have learned to treat freedom of speech— 
that is, agree to abstain when there is a real 
and present danger. By this test, the fact that 
the problem may be difficult, or that its solu- 
tion may prove politically embarrassing or 
unpopular, is insufficient ground for invok- 
ing constraint. Indeed, a science that shies 
away from a line of inquiry merely because 
the result may be difficult to manage is in a 



sorry state. 

Each man or woman will assess whether a 
real and present danger exists in each partic- 
ular line of inquiry The judgment will be 
difficult but not entirely unfamiliar. It is the 
same judgment we make in assessing every 
instance of censorship that comes to our 
attention. Is the danger in pursuing a particu- 
lar line of research of such a magnitude that, 
in another context, we would willingly abdi- 
cate freedom of speech? 

Judgments will surely be individual. For 
example, I acknowledge the danger inherent 
in some of the scenarios composed for the 
fabncation of certain types of DNA recom- 



binant molecules. On the other hand, it 
strikes me that screening infants for abnor- 
mal karyotypes presents only such dif- 
ficulties and problems as practicing physi- 
cians cope with on a c*ail> basis. The wise 
physxian must try to minimize the adverse 
consequences of unfavorable diagnosis. 

It is fashionable to criticize the ethics and 
humanity of scicnnsfs, as in othe* times we 
have criticized the wnters or painters. If his- 
tory is any guide, this too shall pass. Then 
we may amve at the balanced state wnerc Ml 
questions nu> be asked save those which 
pose a real danger to .he community, the 
environirem, or the individual. 
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Along with Your Excellency (Dr. 
Chagas) and with Drs. Dirac and Weiss- 
kopf, both illustrious members of the 
Poniificai Academy of Sciences, i rejoice 
in this solemn commemoration of the 
centenary of the birth of Albert Einstein. 
The Apostolic See also wishes to render 
to Albert Einstein the honor that is due 
him for the eminent contribution he has 
made to the progress of science — that is, 
to the knowledge of the truth present in 
the mystery of the universe. 

I feel myself in full agreement with my 
predecessor Pius XI, and with those who 
succeeded him to the Chair of Saint Pe- 
ter, in inviting members of the Pontifical 
Academy of Sciences, and all other sci- 
entists, to bring about "the progress of 
the sciences ever more nobly and more 
intensely, without asking anything more 
of them; this excellent aim and th:s 
noble effort represent a mission of serv- 
ing the truth with which we entrust 
them" (Motu pri)pno In multts soUuits, 
28 October 1936. on the Pontifical 
Academy of Sciences: Acta Apostoluae 
Sedis 28, 1936, p. 424). 



Science and Religion 

The search for truth is the task of basic 
science. The researcher who moves into 



this primary area of science feels all the 
fascination of the words of Saint Augus- 
tine: "Intellectum valde ama'' {Epist. 
120, 3, 13: Patrolo^ia Lama 33, 459>— 
that is, to "love intelligence greatly** and 
Its function, to know the truth. Basic sci- 
ence is a good, worthy of being very 
much loved, for it is knowledge and 
therefore the perfection of man's in- 
telligence. Even more than its technical 
applications, it must be honored for it- 
self, as an integral part of our culture. 
Fundamental science is a universal good 
that all people must be able to cultivate 
in complete freedom from every form of 
international servitude or intellectual co- 
lonialism. 

Basic research must be free with re- 
gard to political and economic powers, 
which must cooperate in its development 
without impeding its creativity or sub- 
jugating it to their own ends. Like any 
other truth, scientific truth must render 
account only to itself and to the supreme 
truth that is God. creator of man and of 
all things. 

In its second aspect, science turns to 
practical applications, which find their 
full development in the diverse tech- 
nologies. In the area of its concrete ap- 
plications, science is necessary to hu- 
manity in order to satisfy the just re- 
quirements of life and to overcome the 



various evils that threaten it. There is 
no doubt that ap^ilud science has ren- 
dered and will render immense services 
to man if it is inspired by love, ruled by 
wisdom, and accompanied by the cour- 
age that defends it against undue inter- 
ference by ail tyrannical powers. Ap- 
plied science must be allied with con 
science so that through the triad scienco- 
technology-conscience, the true good of 
humanity will be served. 

Unfortunately, as I had occasion to 
say in my encyclical Redcmptor ho- 
minis, ''Man today seems always men- 
aced by what he produces. . . . This 
seems to constitute the principal act of 
the drama of human existence loday'' 
(No. 15). Man must emerge victorious 
from this drama, which threatens to de- 
generate into tragedy, and he must redis- 
cover his authentic kingship over the 
world and his full dominion over the 
things he produces. Today, as I wrote in 
the same encyclical, 'the fundamental 
meaning of this kingship* and of this 
'dominion' of man over the visible 
world, which is given him as a task by 
the Creator, consists in the priority of 
ethics over technology, the preeminence 
of people over things, and the superiority 
of spirit over matter" (No. 16). 

This triple superiority is maintained to 
the extent that the sense of the transcen- 
dence of man over the world, and of God 
over man, is preserved. The Church, by 
carrying out her mission of guardian and 
advocate of both transcendences, be- 
lieves that she is assisting science to 
keep its purity in the area of basic re- 
search and accomplish its service to man 
in the area of practical applications. 



This article is based on the address by Pope John 
Paul II at the Emstein session of the Pontifical Acad* 
emy of Sciences. Vatican City. 10 November 1979. 
The Pope's speech, which was given in French, was 
translated for Science by Professor Robert NIcolich 
of the Catholic University of America. Washington. 
D.C 20064. 
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On the other hand, the Church willing- 
ly recognizes that she has benefited from 
science. It is to science, among other 
things, that we must attribute what the 
Council has said concerning certain as- 
pects of modem ci:lture: "New condi- 
tions have their impact finally on reli- 
gious life itself The rise of a critical spir- 
it purifies it of a magical view of the 
world and of superstitions that still circu- 
late, and exacts a more personal and ex- 
plicit adherence to faith: as a result, 
many persons are achieving a more vivid 
sense of God'' (Gaudium et spes . No. 7). 

The collaboration between religion 
and modem scssnce is to the advantage 
of both, Vvithout in any way violating 
their respective autonomy. Just as reli- 
gion requires religious freedom, science 
legitimately claims freedom to carry on 
research. The second Vatican Council, 
after reaffirming with the first Vatican 
Council the just freedom of the arts and 
human disciplines in the area of their 
own principles and their own methods, 
solemnly recognizes "the legitimate au- 
tonomy of human culture and especially 
of the sciences" (Gaudium et spes. No. 
59). On the occasion of this solemn com- 
memoration of Einstein, I would like to 
confirm again the Council's declaration 
on the autonomy of science in its func- 
tion of searching for the tmth inscribed 
during the creation by the finger of God. 
Filled with admiration for the genius 
of the great scientist, in whom is re- 
vealed ihe imprint of the creative spirit, 
without intervening in any way with a 
judgment on the doctrines concerning 
the great systems of the universe, which 
is not in her power to make, the Church 
nevertheless recommends these doc- 
trines for consideration by theologians in 
order to discover the harmony that exists 
between scientific truth and revealed 
tmth. 



The Case ofGalUeo 

Mr. President, you said very rightly 
that Galileo and Einstein each character- 
ized an era. The greatness of Galileo is 
recognized by all, as is that of Einstein; 
but while today we honor the latter be- 
fore the College of Cardinals in the apos- 
tolic palace, the former had to suffer 
much— we cannot deny it — from men 
and organizations within the Church. 
The Vatican Council has recognised and 
deplored unwarranted interferences: 
"We cannot but deplore— -it is written in 
number 36 of u»e Councirs constitution 
GaudiuM et spes cei imn attitudes 
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found, too. among Christians in- 
sufficiently informed of the legitimate au- 
tonomy of science. Sources of tensions 
and conflicts, they have led many minds 
to think that science and fa.'*h were op- 
posed." The reference to Galileo is ex- 
pressed cleariy in the note joined to this 
text, which cites the volume Vita e opere 
di Galileo Gau'lef by Monsignor Pio Pas- 
chini, published by tiie Pontifical Acad- 
emy of Sciences. 

To go beyond this stand taken by the 
Council, I hope that theologians, scien- 
tists, and historians, imbued with a spirit 
of sincere collaboration, will more deep- 
ly examine Galileo's case, and by recog- 
nizing the wrongs, from whatever side 
they may have come, will dispel the mis- 
tmst that this affair still raises in many 
minds, against a fruitful harmony be- 
tween science and faith, between the 
Church and the world. ! give al! my sup- 
port to this task, which will honor the 
tmth of faith and of science and open the 
door to future collaboration. 

Permit me to submit to your attention 
and conrideration some points that seem 
to me important for viewing Galileo's 
case in its tme light. In this matter, the 
points of agreement between religion and 
science are more nuiTierous and above all 
more important than the lack of under- 
standing that has led to a bitter and pain- 
ful conflict drawn out over the following 
centuries. 

He who is rightiy calle { the founder of 
modem physics declared explicitly that 
the two tmths, of faith and of science, 
can never contradict each other. "Holy 
Scripture and nature proceed equally 
from the divine Word, the forme* as it 
were dictated by the Holy Spirit, the lat- 
ter as a very faithful executor of God's 
orders." as he wrote in iiis letter lo Fa- 
ther Benedetto Castelli on 2i December 
1613 (national edition of the works of Ga- 
lileo, vol. V, pp. 282-285). The second 
Vatican Council does not express itselt 
otherwise; it even uses similar ex- 
pressions when it teaches: "Methodical 
investigation in every branch of learning, 
if carried out in a genuinely scientific 
manner and in accord with moral stan- 
dards, never truly conflicts with faith: for 
eailhly matters and the concerns of faith 
derive from the same God" {Gaudium et 
spes. No. 36). 

Galileo feels in his scientific research 
the presence of the Creator who inspires 
him and aids his intuition, acting in the 
inmost recesses of his spirit. With regard 
to the invention of the telescope, he 
writes at the beginning of Side reus Nun- 
cius, recalling several of his astronomi- 
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cal discoveries: "Quae nmma ope Per- 
spidlli a me c\tOi*i(aii di\ina pnus ih 
hmiinante siratui, pauits nhhitu diehus 
re pert a. atque ohservata fueruM" (Side- 
reus Nuncius, Venetiis. apiid Thomam 
Baglionum. MDCX, fol. 4). ^'aiI of this 
has been discovered and observed these 
last days thanks to the 'telescope' that I 
have invented, after having been enlight- 
ened bv divine grace." 

The Galilean confession of divine illu- 
mination of the mind of the scientist 
finds an echo in the text of the Council's 
constitution, on the Church in the mod- 
ern world: "Whoever labors to penetrate 
the secrets of reality with a humble and 
steady mind is being led by the hand of 
God. even if he remains unaware of it" 
{loc. cit.). The humility stressed by 
the Council's text is a virtue necessary 
both for scientific research and for com- 
mitment to the faith. Humility creates a 
climate favorable for a dialogue between 
the believer and the scientist; it calls 
for enlightenment by God, recognized as 
such or not, but valued in both cases by 
one who humbly seeks the tmth, 

Galileo formulated important norms of 
an epistemologicai character that are in- 
dispensable for reconciling Holy Scrip- 
ture and science. In his letter to the 
Dowager Grand Duchess of Tuscany, 
Christine of Lorraine, he reaffirms the 
tmth of Scripture: "Holy Scripture can 
never lie, provided its true meaning is 
understood, which— I do not think it can 
be denied — is often hidden and very dif- 
ferent from what a simple interpretation 
of the words seems to indicate" (national 
edition of the works of Galileo, vol. V, p. 
315). Galileo introduces a principle of 
interpretative of the sacred books that 
goes beyond the literal meaning but is in 
accord with the intention and type of ex- 
position proper to each of them. It is nec- 
essary, as he affirms, that "the wise men 
who explain it should bring out their 
•me meaning." 

Ecclesiastical authorities admit that 
there is niore than one way to interpret 
the Holy Scriptures. In fact, it was ex- 
'viicit!^ stated in the encyclical Divino af- 
flante Spin'tu of Pius XII that there ^rc 
different literary styles in the sacred 
books and therefore interpretations must 
conform to the character of each. 

The various points of agreement that I 
have brought to mind do not only resolve 
all the problems of Galileo's case, but 
they contribute to c» eating a favorable 
starting point for their honorable solu- 
tion, a state of mind propitious for an 
honest and straightforward resolution of 
old conflicts. 



The existence of the Pontifical Acad- 
emy of Sciences, with which Galileo 
was, in a sense, associated through the 
old institutions that preceded the one to 



which eminent scientists belong today, is 
a visible sign that shows to the people 
of the world, without any form of racial 
or religious discrimination, the profound 
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harmony that can exist between the truths 
of science and the truths of faith. 





A series of events in recent months signals 
the need for attention and action by the 
scientific community. On the surface, the 
events appear unrelated, but viewed col- 
lectively, thf ramifications of each have sub- 
stantial impact on the future of scientific in- 
quiry. 

First, an active campaign has been 
launched by various individuals and groups 
to reduce, or ban altogether, the use of an- 
imals in scientific research. Initially, these 
factions rally against the sale and distribution 
of pound animals. This is an emotionally 
charged issue — the public readily identifies 
with the homeless animals because of attach- 
ments to their own pets. Legislation in- 
troduced to curtail the use of animals in re- 
search passed into law in Massachusetts in 
February. Although a similar measure was 
defeated in the California legislature, the 
proponents may seek a public referendum. 
They may also seek to establish provisions 
for external review boards to make judg- 
ments conceming which research proposals 
involving animal experimentation are jus- 
tified and which are not. Evidence thus far 
indicates that once the objective of banning 



the use of pound animals has been met, the 
advocates push on toward banning the use of 
animals from any source and for any scientif- 
ic purpose. 

The second concern involves the suit filed 
by Jeremy RifKin to block the release of 
genetically engineered organisms into the 
environment. The case in question centers on 
a bacterium which, in its native state, serves 
as a nucleus for ice crystal formation. The 
removal of a single gene eliminates this 
charactenstic. The next step was to have 
been the introduction of the modified bacte- 
ria into the environment of crop plants, 
replacing the native strain and reducing the 
potential for frost injury to plants. The 
restraining order against this, obtained by 
Rifkin ei ai, is based on allegations that a 
National Institutes of Health review com- 
mittee failed to conduct an adequate study 
and submit a satisfactory environmental im- 
pact statement. However, the basic issue is 
that many supporters of the litigation are fun- 
damentally oppose^ ) genetic engineering 
and seek to block hcation of the new 
tcchnclogy. 

Third is a suit brought by California Rural 



Legal Assistance, representing the California 
Agrarian Action Project, to block 
mechanization research in agriculture. One 
objective is to require the University of Cali- 
fornia to submit social impact statements on 
proposed research projects before they can 
be approved. This suit illustrates again the 
ways in which special interest groups at- 
tempt to regulate scientific research which 
they perceive is not beneficial to them. They 
do not accept the evidence that overall social 
and economic benefits far outweigh the 
costs. 

Each case is individually controversial and 
each decision sets a precedent. Considered 
collectively, the impact can be overwhelm- 
ing. It is essential, therefore, that members 
of the scientific community become active 
participants in the debates. Highly com- 
mitted and articulate individuals and groups 
are presenting their cases to the public and 
the lawmakers without equally articulate re- 
buttal from scientists. Since litigation hasbe- 
corr*^ the method by which policy to con- 
strain scientific research is decided, scientif- 
ic societies may well need to invest — 
individually and collectively — in legal repre- 
sentation to present their views in opposition 
to such constraints. 

As the National Scier;ce Board Commis- 
sion on Prc-College Education recently con- 
cluded, it is critical that all students return 
not only to the fundamentals of reading, 
writing, and arithmetic, but also to scsentiiic 
and technological literacy. In the interest of 
free inquiry and the advances that science 
has brought — and must continue to bring — 
to civilization, we must invest our energies 
on all fronts. To allow these and other anti- 
science activities to go uncontested would be 
unconscionable. 




Universities arc being exhorted by a wide 
variety of interest groups to take official po* 
sitions on issues such as military research, 
the U.S. corporate presence in South Africa, 
and restrictions on information flow. Often 
the groups making such demands are per- 
plexed by the resistance they 'ncet, since 
they believe their particular perspective to be 
in the long-term inteiest of the human com- 
munity and, iherefoie, of the university com- 
munxiy as well. 

It is essential to understand, however, that 
over the past century American colleges and 
universities have been transformed from 
quitt centers of traditional moral, politico! , 
and social values into educational and re- 
search centers at which inquiry is more im- 
portant than dogma. It is only in recent times 
that the faculties and students of colleges and 
universities have acquired both the freedom 
and the obligation to cc nsider subjects and 
pursue lines of investigation that may con- 
tradict prevailing beliefs in science or 
threaten the vested interests of powerful so- 
cial and political groups. It is only in this 
•tiitury that the notion of academic freedom 



as a defining characteristic of universities 
has become perVuj»ive. 

This is a fundamcfital change B-n the dis- 
tinction between universities- institutions 
and faculty and students as individuals is 
oftirn not recognized by the various publics 
who support universities and who looL to the 
university as an institution for an affirmation 
or rcaiTirmstion of particular points of view. 

The work of the academic community is 
undeniably related to and supported by a par- 
ticular set of values. These include the value 
of knowledge, the t/enefit of fair and open 
iiiquuy, respect for other points of view, and 
the possibility of human progress. In addi- 
tion, most universities arc now on record as 
taking a stand on some moral issues such 
affinna'.ive action and research on human 
subjects. We must, hovevcr. be very cau- 
tious aout adding to this list. Without de- 
veloping a means of distinguishing ideas 
from ideologies we risk the possibility of 
undermining the environment that supports 
our principal commitments and responsibili- 
ties. Returning to an earlier model of moral, 
political, and scientific orthodoxy would. 



however, undercut ataocmic freedom and 
open discourse, transforming ihc character 
of contcmporar>' higher education and under- 
mining the university's capacity to make 
positive contributions to stKicty. 

Although academic ireedom is not the 
only value ihat snould inform our actions, 
we should consider no erosion of academic 
freedo*n without carefully scrutinizing the 
reasons for u. Perhaps we could ask our- 
5eivcs questions such as the following as we 
prepare for the discussions. 

1) What IS the source of the university's 
right to free inquiry and what is its relchon to 
the sociery that r mis that figh*'* ' ^^..icu- 
lar, what obligationx accrue from this nght? 

2) If the university as an institution takes a 
moral or political stand, what implication 
does this have for members of the communi- 
ty with other points of view? 

3) How do we identify those moral and 
political issues on which a university should 
adopt a particular point of view? For ex- 
ample, is the rang? of admissible inquiry a 
matter for administrative decision? If so, 
under what circumstances do wc allow re- 
striciions or- teaching and research programs 
that offend an individual s n^irat or political 
valuci'.' 

E^peneiice indicates that transforming 
HiOral sjmtimcnts into policy statements le- 
quires carefully articulr.ted ideas of die mis- 
sion of a university and the impact of teach- 
ing and research on that nnssion. In this con- 
text, I believe that a university remains a 
cr^'ative part of society only us long as it 
remains an intellcctuaii) open community 
and not the ally of a particular point of view. 
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Should there be a universal code of ethics for scientists? The pros 
and cons of this issue became the subject of debate as the 
discussion of freedom and responsibility in science began to 
raise ethical concerns among scientists. Calls were heard for develop- 
ment of a formal set of pnnciples to guide the behavior of members of 
the scientific community. 

Not everyone agreed with this approach. Many scientists strongly 
resisted the notion that their profession should adopt a formal code of 
ethics as had the professions of law, medicine, and engineering. It 
was suggested that such a code would do little to prevent willful 
misconduct and might stifle creative thought by merely stressing 
formal etiquette. 

In an early analysis of obstacles to developing a uniform code of 
ethics tor scientists. Ward Pigman and Emmett B. Carmichael review 
rights and obligations to be considered prior to the adoption of a 
formal code and suggest steps to reconcile tht traditions of science 
with the emerging relationship between science and government. 

Bentley Glass, noting that science and ethics are both inescapably 
subjective activities that are affected by evolutionary forces, takes the 



position that there needs to be an ethical basis for scientific activity to 
incorporate it into human affairs. His four basic principles for an ethic 
of science are: to cherish truthfulness, to avoid self-aggrandizement, 
to defend the freedom of scientific inquiry and opinion, and to 
communicate one's findings through publication and instruction. 

An exchange of letters in 1963 provides a window on the thoughts 
and passions attached to the proposed development of a code of ethics 
for scientists. To Lawrence Cranberg's suggestion that scientists may 
wish to emulate their engineer colleagues by developing a formal 
code, F.R. Fosberg and Henry Lanz respond that such codes serve 
little purpose in guiding truly virtuous conduct. Indeed, writes Lanz, 
the "mere thought of setting up a code of ethics for scientists is 
insulting." A final letter from W.E. Graham describes briefly the 
efforts of the Society for Social Responsibility in Science to imple- 
ment principles of personal moral responsibility for the consequences 
of professional work. Echoing sentiments expressed sporadically in 
eariier times, the SSRS pledge is one of the few efforts by a scientific 
organization to require its members to adhere to principles of social 
responsibility as a prerequisite of membership. — RC 
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A new phenomenon of our present-day 
society is the obviously important role 
played by science. Only a short time ago 
science was considered by many "practical" 
men as a plaything of inconsequential im- 
portance in contributing to the welfare of 
society. Although the significance of science 
was becoming more generally evident before 
World War II, this war demonstrated to the 
public in general and to legislators and busi- 
nessmen in particular that science, especially 
basic science, is much more than a scholarly 
pursuit — that it is a vital force for the 
advancement or destruction of society. Sci- 
ence is now "big business.'* As a result, the 
scientist cannot and must not remain a schol- 
arly recluse divorced from the remainder of 
society. His behavior and that of society 
toward him will greatly influence the prog- 
ress of science and, to an increasing extent, 
that of society itself. 

During its long period of development, 
science has evolved a code of professional 
tradition and ethics, largely in an unwritten 
form. This code, really the foundation of the 
scientific method in many of its aspects, has 
to a considerable extent been responsible for 
the achievements of science. Polanyi's (1) 
description of the effect of disregard for 
scientific traditions is applicable to many of 
our modem industrial and research organiza- 
tions: 

Those who have visited the parts of the world 
where scientific life is jusl beginning, know of the 
backbreaking struggle that the lack of scientific 
tradition imposes on the pioneers. !iere research 
work stagnates for lack of stimulus, there it runs 
wild in the absence of any proper directive in- 
fluence. Unsound reputations grow like mush- 
rooms: based on nothmg but commonplace 
achievements, or even on mere empty boasts. 
Politics and business play havoc with appoint- 
ments and the granting of subsidies for research. 
However rich the fund of local genius may be, 
such environment will fail to bnng it to fruition. 

The important achievements of science 
and its contributions to our civilization seem 
adequate proof o*" lie basic validity of these 
traditions. On the other hand, conditions of 
scientific work have changed greatly, and 
obviously the traditions must be interpreted 
in terms of prevailing conditions. Science 
has emerged from a period in which the pre- 
dominant effort was made by individuals, 
^^Jtimes of almost ?n amateur status, to a 
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period marked by the development of large 
research groups, many in the pursuit of re- 
search for profit. As a result, it is timely for 
the scientist to consider his professional 
traditions and to relate them in terms of the 
structure of modem scientific woric. 

These traditions are essentially an unwrit- 
ten code of professional ethics. As pointed 
out by Leake (2 J, the term "professional 
ethics" as used generally includes the atti- 
tude of the individual scientist to society and 
to other scientists. It will be so used here 
This concept of professional ethics inextric- 
ably involves social obligations, questions of 
etiquette, and adherence to accepted tradi- 
tions. Claude Bernard (3) has contributed 
one of the better discussions of the ethical 
qualities needed in scientists, and the 
relationship of these qualities in the scientific 
method, although his remarks apply in the 
main to medicine and physiology. 

Some of our professional organizations 
have established formal written codes of pro- 
fessional ethics (4). In the medical field 
numerous papers and books have been writ- 
ten on the subject. One of the first extensive 
codifications was that of Percival (2J (1 803), 
but the general precepts of Hippocrates (cir- 
ca 500 B.C.) have modem acceptance. A 
major consideration at the first meeting of 
the American Medical Association in 1847 
was the formulation of a code of professional 
ethics (2). The present code provides means 
for enforcement by its members. There has 
been some discussion of the professional re- 
sponsibilities of industrial chemists (5) and a 
code has been proposed for this group (6). 
Scientific groups generally, however, have 
not formalized their traditions but have 
passed them on by example and by word of 
mouth as an informal part of the graduate 
student's training. 

This failure of scientists as a group to con- 
sider eth.-^ < revealed in the fact that Chem- 
ical Abstracts, since it was founded in 1 907, 
listed only four references under ethics in its 
indices. It is true that professional codes at 
best can only express an ideal; their accep- 
tance and application will depend upon the 
individual scientists. We believe, however, 
that the scientist's position in the worid to- 
day makes it extremely important that his 
time-proved traditions be reconsidered in 
terms of modem circumstances and possibly 



written into a formal code. We believe that 
such an action would maintain the advance 
of science, increase its public support, and 
improve the professional relations of scien- 
tists. Improved professional relations would 
better morale and increase productivity 
among research men. Mills (7) has pointed 
out the social implications of ethical be- 
havior in the distribution of research grants. 

The planning of an ethical code for scien- 
tists should take into account first the scien- 
tist's general obligations as . member of soc- 
iety, and beyond that his special obligation 
as a scientist to protect society — here, there 
are many problems related to warfare, to the 
health and general well-being of mankind, 
and to nationalism versus internationalism. 
Such a code should preserve the scientist's 
ethical traditions and incorporate the 
scientific method. It should state the scien- 
tist's obligation to explain the nature and 
purposes of science, and the policies in deal- 
ing directly with the public. It should clarify 
the scientist's attitudes toward patents and 
secrecy restrictions. !t should affirm the sci- 
entist's obligations to individuals — to his 
employer, his associates, other scientists, 
and his assistants and graduates — ^and scien- 
tists' obligation as a group to other pro- 
fessions. 

We have merely indicated the scope of the 
problem. To deal with it fully in all its 
phases would require the efforts of scientists 
in many different fielHs of study and kinds of 
employment. Some of these phases have 
already received considerable attention. Be- 
cause the results of atomic research have 
such unmistakable implications for society, 
attention has been paid to the scientist's atti- 
tude on the use of his discoveries, particular- 
ly for military purposes, and to the necessity 
of his being socially conscious (8, 9, 10, //, 
7, 12). Other phases of the problem have 
received little or no public consideration. 

Many of the scientist's obligations are 
reciprocal in the sense that the scientist has 
grown to expect certain conditions for his 
work, and to a considerable extent these con- 
ditions affect the quality of his work. Some- 
times his obligations are conflicting. He may 
at times be faced with the dilemma of obliga- 
tion s to his employer that conflict with 
obligations to the public as a whole. What 
should his attitude be when his employer's 
immediate interest causes harm to the gener- 
al public? Suppose that his employer is a 
company that is pouring waste products into 
a stream and he knows that at a reasonable 
cost this pollution could be greatly mini- 
mized. Should he assume, as a lawyer does, 
that his primary obligation is to his client, 
and become an automatic defender of the 
company's position? Or should he consider 
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that he has duties to society greater than 
those to the company? 

A gnHip of very pressing problems is pre- 
sented in the application of traditions related 
to the authorship and publication of scientific 
researches. In the early days of science most 
articles carried the name of only one worker, 
whereas multiple authorship is now most 
common and sometimes ten or more persons 
may be involved. As a detailed example of 
the need for a code of professional ethics, we 
will discuss sonie of the problems involved 
in authorship. 



General Obligations of Authors 

Quality of Papers. Everyone will agree 
that scientific articles should be of good 
quality, should be original in content, and 
should describe all work in a reproducible 
fashion. These are fundamental requirements 
of the scientific method and yet most scien- 
tists would admit that many research articles 
are published that are deficient in some or all 
of these respects. 

Claude Bernard f/ij has described the im- 
portance of adequate details* 

In scientific investigation, minutiae of method are 
of the highest importance. The happy choice of an 
animal, an mstniment constructed in some special 
way, one reagent used instead of another, may 
often suffice to solve the most abstract and lofty 
questions. . . .the greatest scientific truths are 
rooted in details of experimental investigation 
which form, as it were, the soil in which these 
truths develop. 

Even casual inspection will show that 
many articles are not wntten so that the work 
can be repeated. Traditional procedure is 
often ignored in reporting new compounds; 
occasional articles will not give analyses of 
new compounds or the compounds will be 
poorly described so that their identity is 
questionable. Scientific journals lack space 
to print all the good material they receive 
today, and understandably urge authors to 
shorten their articles, but great care is needed 
to avoid eliminating important details. 

Direct responsibility to prior work. The 
traditions of science demand that any report 
of scientific work must consider prior work, 
integrate it in the general subject, and cite 
proper references to it. Frequent violations 
of this principle must be familiar to all scien- 
tists. One of us has previously called atten- 
tion to an instance of this type, particularly 
in relation to the naming of methods (14). 

The basic concept behind this principle, 
even more fundamental than professional 
courtesy, is that frequently the solution to a 
problem may already be in the literature and 
needless repetition is economic waste. Thor- 
ough literature searching can be defended 
from an economic standpoint alone. In order 
to speed the incorporation of new work into 
the general body of basic knowledge, each 



author has the responsibility of assisting in 
the integration of his work with that of pre- 
vious workers. 

To many scientists, establishment of 
priority for new discoveries is important, and 
organizations that seek patent protection for 
their work may set up involved and ex- 
pensive procedures to establish the date of 
discovery. Is this a tradition that should be 
continued? Some scientific journals do not 
carry the date a manuscript was submitted, 
and few indicate whether essential changes 
of content have been made after that date. 
"Letters to the Editor" may require careful 
controls to prevent abuses. 

Criticism and disagreement. The scientif- 
ic method requires that all research work be 
open to critical examination and testing by 
researchers in the field. It also requires that 
dissenting theories and results be treated 
with tolerance, aiid not suppressed merely 
because they disagree with currently 
accepted ideas. Many scientists would add 
that mistakes and errors should be publicly 
acknowledged. 

The widespread violation of these princi- 
ples today is affecting not only the progress 
of science but our economy as well. Many 
commercial research organizations keep 
closed files of their researches as a matter of 
policy, in the belief that they will have an 
advantage over their competitors. Most of 
them do not realize that lack of cnticism of 
the worker by qualified colleagues in his 
own field fosters the carrying out and per- 
petuation of poor or erroneous work, the 
continued employment and promotion of un- 
qualified workers, and the perpetuation of 
poor research policies. Criticism by mem- 
bers of the worker*s organization and by 
consultants is usually inadequate because of 
the influence of personal motives and lack of 
knowledge in the specific field. Objections 
to excessive secrecy in military research 
should take into account this principle as a 
primary consideration. 

Classical examples of the value of 
scientific controversy are well known. When 
properly conducted, such debates lead to 
clarification and advancement of Knowledge. 
But improperly conducted, they lead to 
enduring feuds, and because of tnis possibil- 
ity, there is a tendency among editors of 
journals to suppress scientific polemics. A 
continuation or extension of this trend will 
be a severe blow to the scientific method. 
However, as stated by Wise (12) 

The research worker should not permit himself to 
become embittered or involved in useless polem- 
ics. . .h simply means that his criticisms must 
be objective and that they must not descend to the 
plane of personalities He must show that he is 
dealing with a set of data, not with an enemy. 

Property rights of the scientist in his work. 
A currently controversial problem of the 
application of scientific tradition involves 



the rights of a researcher to his work. The 
decision to try to publish or reveal his re- 
search once was the sole right of the scien- 
tist. Now, with the investigator receiving 
financial support from others in most cases, 
the final decision is tending to fall on the 
provider of the funds. In the extreme case, 
what is there to pre"*nt someone in authority 
from taking over ttie work of an associate 
and passing it off as his own work? What 
should an editor of a scientific journal do if 
he receives for publication a suitable manu- 
script from an established worker and simul- 
taneously a letter from the supporting group 
saying that it should not be published? 
Should the supporting group be required to 
provide satisfactory and convincing 
grounds? By tradition and perhaps even by 
legal mandate, the rights of an arti' 'o cer- 
tain phases of the disposition of his work 
have been affirmed. Should these not apply 
equally to the scientist, whose application of 
his science is often an art? 

At least one established graduate institu- 
tion has the policy that all doctoral theses are 
published solely in the names of the in- 
dividual graduate students. In certain in- 
stances, the idea was suggested by a member 
of the faculty, who carried out some pre- 
liminary work, supervised the principal re- 
search, drew or helped draw the conclusions, 
rewrote the thesis and wrote the final pub- 
lished version. Is this an example of accept- 
able ethics? 

Publicity. Some scientists violently op- 
pose general publicity and popularization of 
their work. Others seek publicity, and some 
even condone or support erroneous and mis- 
leading publicity. What should be the atti- 
tude of the scientist? Does he owe the public 
a duty to attempt to explain the purpose and 
significance of his work? Should chicanery 
and excessive or misleading publicity on the 
part of scientists and nonscientists be ex- 
posed as a function of scientific societies? It 
is of interest that the Principles of Medical 
Ethics includes a considerable discussion of 
the impropriety of advertising and publicity- 
seeking and that AMA members are required 
to advise the public against misrepresenta- 
tion. A finii stand on this issue by scientists 
gene^'ally might he of considerable help in 
establishing the professional status of the sci- 
entist in the public mind. 



Multiple authorship 

With the change in status of research, ow- 
ing to its being produced not by indf>pendent 
individuals but by several dependent workers 
or even large groups, the scientific tradition 
in respect to the etiquette of authorship needs 
reinterpretation or extension. The responsi- 
bilities involved in multiple authorship or 
group research must be analyzed. 
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"Senior" authorship and order of names. 
To many scientists, the order of the authors' 
names on a publication has a significance. Is 
this a tradition that should be preserved, clar- 
ified, and enforced, or is it an outmoded, 
unessential form of etiquette? In current pub- 
lications, the application seems uncertain 
and haphazacd^^Should the concept of the 
"senior author*' (the first one listed) be pre- 
served? If so, should the senior author be the 
person highest in the administrative rank, the 
one who has done most of the laboratory 
work, the one who has written the paper, the 
one who furnished the original idea, or the 
one whose technical skill and thoughts have 
carried along the research? 

Administrators and financial supporters. 
In publications, what consideration should 
be given to administrators and financial sup- 
porters? Some scientists might say that they 
should be indicated as authors only when 
their contribution to the actual solution of the 
problem has been substantial, continuous, 
andof a high level. Probably most scientists 
would agree that mere general administrative 
supervision of a project or even the sugges- 
tion of the original idea for the project is 
insufficient for an authorship. Certainly no 
one should be granted authorship of ariy type 
merely because he has seniority or is in 
charge of a laboratory We cite a^ an ex- 
ample a man ser\'ing as technical liaison be- 
tween a company and a research organiza- 
tion who insisted that his na ne i>e included 
as an aud.or, before he would ai>k for 
supponmg funds for the^ research, altliough 
his tota! con*ribui«on was limited to this ac- 
tion. 

Graduate students ^.nd technicc^ assis- 
tants C«•iteri^ are necessary f )r assessing the 
roleof ;^-aduate students and technical assis- 
tants m relation to authOiShip. Should not 
senior authorship fnr a grp'..uate student be 
lirri.d tO those instances in which a reul 
jcntribuiion. beyond adequate laboratory 
work, hai> been made? On the other hand, is 
it not the duty of the directing professor to 
encourage the strident to his maximum per- 
formance rather than use him as a laboratory 
assistant? If a technical assistant is to be 
given authorship of anj lype, more than an 
adequate performance of routine methods 
should be requ of him. 

Group projects. An example of the large 
group projects that characterize modem sci- 
ence is the penicillin research during World 
War II. Industrial organizations provide 
many more examples. Frequently there is no 
attempt on the pai A administrators to set up 
the program so that the work of individual 
investigators is '.ept discrete. The improved 
quality of work resulting from the establish- 
ment of definite responsibility might be the 
basis for making a definite statement in re- 
gard to this problem. The interpretation of 
scientific tradition in terms of modem 



group research is an extremely important and 
as yet unexplored field. 

Preparation of tnanuscripts. The pub- 
lished paper is the final record of the finished 
research work, and the medium through 
which the infonnation is made geneially 
available and useful. With the present short- 
age of publication space, the preparation of 
the manuscript becomes more important than 
ever. Rigid adherence to established scientif- 
ic traditions on the part of authors and editors 
becomes increasingly essential. 

To many persons, the preparation of a re- 
search paper may seern to be a routine mat- 
ter, but actually it requires a high order of 
skill and technical knowledge and an ac- 
quaintance with scientific traditions. In 
many researches the actual preparation of the 
manuscript, the integration of the findings 
with the prior related work, consideration of 
the significance of the data, and arrange- 
ments for publication may require a con- 
siderable portion of the time and skill re- 
quired for the entire project. Possibly the 
actual preparation of the manuscript should 
be a factor in defining the responsibilities of 
the senior author. Laboratory workers with- 
out a good background of knowledge, and 
research administrators without close daily 
contact with the laborator} work and a thor- 
ough knowledge of the field probably should 
be discouraged from actual preparation of 
the manuscript. On the other hand, simple 
manuscript revision, in spite of the poor 
wntinc ability of many scientists, should not 
gene*^ ily be muJe the bas»j for autnorship of 
a research pap^r Still anothej ^jroblem is de- 
tennining the duues and responsibilities of 
the referees of scientific articles. 

The interpretation of scientific traditions, 
d^vi their formal codification, if that is to be 
accomplished, are essentially a task for sci- 
enlists. As this discussion demonstrates, 
problems of interpretation are manifold and 
if they are not solved they may severely hin- 
der the progress of science. The harm done 
may not only be general but may apply par- 
ticularly to industrial research of the group 
type. Incidental effects of the code, but of 
considerable importance, would be the great 
improvement in morale among scientific 
workers, the improvement in the quality of 
scientific work, the assistance it vould give 
to editors of scientific joumals and research 
administrators, and the basis it would pro- 
vide for exposing poor work and even m- 
stances of chicanery It would be of great 
assistance in the training of graduate students 
in the scientific method. The preparation of a 
formal code of professional ethics should be 
of considerable value in establishing the pro- 
fessional status of the scientist in the public 
mind. It seems more than a coincidence that 
the groups that already have formal state- 
ments of their social and professional re- 
sponsibilities and have definite rules of pro- 



fessional behavior are those definitely 
accepted by the public as having professional 
status. 

As we have pointed out, violations of pro- 
fessional ethics on the part of scientists are 
frequent and familiar to all scientists. Some- 
times they are deliberate violations for per- 
sonal power or gain Frequently, they are the 
results of carelessness or unfamiliarity of re- 
search administrators or research workers 
with the established traditions. They may 
even result from excessive pressure of work, 
a condition that appears common in in- 
dustrial research. Some violations are the re- 
sult of misguided attempts by editors and re- 
viewers of scientific joumals to shorten arti- 
cles. 

Is not the time opportune for our scientific 
organizations, or some agency of UNESCO, 
to consider the manner of the application of 
scientific traditions to the newly developed 
conditions of scientific research? We suggest 
that the establishment of a definite code of 
professional ethics and conduct by our major 
scientific groups would have profound and 
favorable effects for science, society, and 
the scientist. 

A mere statement of principles would be 
of help. An extensive codification and at- 
tempt to discipline or expose gross violations 
might be desirable. Our societies have var- 
lou* ways and means of enforcing regula- 
tion. Exclusion from membership and con- 
trol of publications and means of publicity 
are powers that cculd be used to control un- 
scrupulous and continuous violations. There 
may appear to be an anomaly in scientists' 
establishing a fonnal code of ethics to pre- 
serve traditions that include independence in 
their work, but this merel> reflects an anom- 
aly in present conditions of scientific work. 
It seems far better for scientists to affirm 
such a code positively than to be regimented 
to an increasing extent without any control 
over the conditions under which they must 
work. A.V. Hill (11) puts the problem as 
follows: 

The important ihing is noi a creed "which ex- 
cept a man believe faithfully he cannot be saved " 
What matters is that scientific men should argue 
and discuss the matter of scientific ethics as one of 
infinite importance to iheru. Mvcs and the rest of 
mankind with the same honesty. Humility and res- 
olute regard for the facts they show in their 
scientific work. 

If ihey do, then something will surely crystall- 
ize out from their discussion, and I have faith 
enough in the goodness and wisdom of most 
scientific men to believe that the result on the 
whole will be good and wise It may in the end be 
embodied in a new Hippocratic Ou;h, in n may be 
absorbed in trade union rules for the scientific pro- 
fession, or ethical behavior in science may just 
come to be accepted as an honorable obligation as 
unbreakable as that of accuracy and integrity 

We add that all problems will not be 
solved, but science is expanding and mov- 
ing. The rate of progress will be profoundly 
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affected by the consideration that is given to 
the maintenance and proper application of 
time-proved scientific traditions as the con- 
ditions of scientific work change. 
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It has been said that science has no 
ethical basis, that it is no more than a 
cold, impersonal way of arriving at 
the objective truth about natural phe- 
nomena. This view i wish to challenge, 
since it is my belief that by examining 
critically the nature, origins, and meth- 
ods of science we may logically arrive 
at a conclusion that science is in- 
eluctably involved in questions of 
values, is inescapably committed to 
standards of right and wrong, and un- 
avoidably moves in the large toward 
social aims. 

Human values have themselves 
evolved. Man arose after some two bil- 
lions of years of organic evolution, 
during which species after species 
originated, flourished, and fell, or oc- 
casionally became the progenitors of 
species !^-^^ ?w and better 
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rection of blood flow; his embryonic 
and fetal growth inside the mother and 
his prolonged dependence upon ma- 
ternal lactation; the slow maturation 
that enabled his brain to enlarge so 
greatly; the keen vision so necessary 
to the hunter using his weapons — all 
of these and many other important 
human characteristics that contributed 
to the social nature of man and ce- 
mented the bonds of family and tribe 
arose adventitiously, were improved 
step by step, and endured because they 
promoted human survival. Our high- 
est ethical values — the love of the 
mother for her child and of the man 
for his mate, the willingness to sacri- 
fice one's own life for the safety of 
the family or tribe, and the impulse 
to care for the weak, the suffering, 
the helpless — all of these too had 
the ^ame primitive beginnings. 

But these ethical values are always, 
in the evolutionary scheme of things, 
relative, and never absolute. Whenever 
environm<^nt becomes changed, the 
• - » . - j> xjstlng traits becomes 
• r »nt ' of natural 
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porting accurately to other persons the 
movements of the stars, the planets, 
and the sun and moon, the behavior 
and migrations of the food animals, 
the usefulness of certain seeds for food 
and of certain stems for fibers, the 
poisonous properties of others. For 
generations all such practical lore was 
transmitted only by word of mouth, 
but the day came when useful knowl- 
edge could be written down and pre- 
served inviolate from the forgetfulness 
and the twists of memory. These were 
the first simple steps in the develop- 
ment of science; observation, report- 
ing, written records, communication. 
To such must be added the processes 
of human reasoning, at first mostly by 
analogy, so often wrong; then by im- 
proved analysis, by deduction from 
an established truth, or by induction 
of an established truth from a multi- 
tude of observations. 

Seen aright, science is more than the 
instrument of man's increasing power 
and progress. It is also an instrument, 
the finest yet developed in the evolu- 
tion of any species, for the malleable 
adaptation of man to his environment 
and the adjustment of his environment 
to man. If the human species is to 
remain successful, this instrument must 
be used more and more to control the 
nature and the tate of social and tech- 
nological change, as well as to pro- 
mote it. In this sense, at least, science 
is far more than a new sense organ 
for comprehending the real relations 
of natural phenomena and the regu- 
larities we call "laws of nature." It is 
ai.so man's means of adjustment to 
na-.»!re. ma-j's instrument for the crea- 
tion of an idt-ai environment. Since it 
IS precni.ientiy an ach:evemcnt of so- 
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cial man, its primary function is not 
simply that of appeasing the individual 
scientist's curiosity about his environ- 
ment — on the contrary it is that of 
adjusting man to man, and of adjust- 
ing social groups in their entirety to 
nature, to both the restrictions and 
the resources of the human environ- 
ment. 

Ethics is a philosophy of morals, a 
moral system that defines duty and 
labels conduct as right or wrong, bet- 
ter or worse. The evolutionist is quite 
prepared to admit the existence of 
right and wrong in terms of the simple 
functions of biological structures and 
processes. The eye is for seeing, an 
evolutionary adaptation that enables an 
animal to perceive objects at a dis- 
tance by means of reflected light rays. 
Sight conveys information about food, 
water, danger, companionship, mating, 
the whereabouts and doings of the 
young ones, and other vitally impor- 
tant matters. Should one not then sa>, 
'*To see is right: r^t to see is wrong"? 
Similarly, the mind reasons as it does 
because in the countless ages of evolu- 
tionary development its characteristic 
mental processes led to successful 
coping v/ith the exigencies of life. Hu- 
mans whose mental processes, because 
of different genes, too often led them 
to wildly erroneous conclusions did 
not so often leave children to reason 
in similar ways. It is thus right to be 
guided by reason, wrong to distrust 
it. Does it not follow, finally, from 
consideration of the social role and 
function of science, that it is right to 
utilize science to develop and regulate 
human social life, adjustment to 
change^ and rate of social transforma- 
tion? Conversely, it is wrorif^ — morally 
and ethically wrong — not to do so. 
We must use whatever light and what- 
ever reason we have to chart our 
course into the unknown. 

Those who distrust science as a 
guide to conduct, whether individual 
or social, seem to overlook its prag- 
matic nature, or perhaps they scorn it 
for that very reason. Rightly under- 
stood, science can point out to us only 
probabilities of varying degrees of cer 
tainty. So, of course, do our eyes and 
ears, and so does our reason. What 
science can do for us that otherwise 
we may be too blind or self-willed to 
(CCOgnize is (o help us to see that 
what is right enough for iht individual 
may be wrong for him as a member 
of a .social group, such as a f:i!nily; 
♦hat what is right for the family may 



be wrong for the nation: and that what 
is right for the nation may be wrong 
for the great brotherhood of man. Nor 
should one stop at that point. Man as 
a species is a member — only one of 
many members — of a terrestrial com- 
munity and an even greater totality of 
life upon earth. Ultimately, what is 
right for man is what is right for the 
entire community of life on earth. If 
he wrecks, that community, he de- 
stroys his own livelihood. In this 
sense, coexistence is not only neces- 
sary but also right, and science can 
reveal to us the best ways to harbor 
our resources and to exploit our op- 
portunities wisely. 



The Subjectivity of Science 

From the foregoing description of 
science as itself an evolutionary prod- 
uct and a human organ produced by 
natural selection, it may already be 
guessed that I do not adhere to the 
view that either the processes or the 
concepts of science are strictly objec- 
tive. They are as objective as man 
knows how to make them, that is true; 
but man is a creature of evolution, 
and science is only his way of looking 
at nature. As long as science is a 
human activ».y. carried on by indi- 
vidual men and by groups of men, it 
must at bottom remain inescapably 
subjective. 

Our sensory apparatus and the struc- 
ture of the human nervous system, 
within which arise our sensations, grow 
and develop as they do from the first 
beginnings in the human embryo be- 
cause of the particular genetic consti- 
tutions we inherit from our parents. 
First and foremost, we are human sci- 
entists, not insect scientists, nor even 
monkey scientists. The long past of 
our evolutionary history, with its 
countless selections and rejections of 
various kinds of genes and combina- 
tions of genes, has made us what we 
are. Try as we will, we cannot break 
the bonds of our subjective interpre- 
tations of the physical events of na- 
ture. We are born blind to many reali- 
ties, and at best can apprehend them 
only by translating them by means of 
our instalments into something we can 
sense wit!i our eyes or ears, into some- 
thing wc can then begin to reason 
about by developing abstract mental 
concepts about them, by making pre- 
dictions on the basis of our hypotheses, 
and by testing our theories to see 
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whether reality conforms to our no- 
tions. 

This line of reasoning leads us to 
the conclusion that the objectivity of 
science depends wholly upon the abil- 
ity of different observers to agree about 
their data and their processes of 
thought. About quantitative measure- 
ments and deductive reasoning there is 
usually little dispute. Qualitative ex- 
periences like color, or inductive and 
theoretical types of reasoning, leave 
great room for disagreement. Usually 
they can be reduced to scientific treat- 
ment only if the subjective color can 
by agreement be translated into some 
quantitative measurement such as a 
wavelength, only if the reasoning can 
be rendered quantitative by use of a 
calculus of probability. It nevertheless 
remains a basic fact of human exist- 
ence that the subjectivity of the indi- 
vidual personality cannot be escaped. 
We differ in our genes, each of us 
possessing a genotype unique through- 
out all past and future human history 
(unless we happen to possess an identi- 
cal twin). To the extent that our genes 
endow us with similar, though not 
identical, sensory capacities and nerv- 
ous systems, we may make similar 
scientific observations, and we may 
agree to ignore the existence of the 
variables in our natures that prevent 
us from ever making exactly the same 
measurements as someone else or ar- 
riving at exactly the same conclusions. 
But it is perilous to forget our genetic 
individuality and our own uniqueness 
of experience. These form the basis of 
the ineradicable subjectivity of science. 
In the last analysis science is the com- 
mon fund of agreement between indi- 
vidual interpretations of nature. What 
science has done is to refine and ex- 
tend the methods of attaining agree- 
ment. It has not banished the place 
of the individual observer, experiment- 
er, or theoretician, whose work is per- 
haps subjective quite as much as ob- 
jective. 

These considerations may seem so 
obvious as not to require the emphasis 
just given them. Yet I believe not. 
Somehow there has crept into our 
writings about the nature and methods 
of science a dictum that science is 
objective while the humanistic studies 
are subjective, that science stands out- 
side the nature of man. What a pro- 
found mistake! Science is ultimately as 
subjective as all other human knowl- 
edge, since it resides in whe mind and 
the senses of the unique individual per- 



son. It is constrained by the presen^ 
evolutionary slate of man, by the limi- 
tations of his senses and the even more 
significant limitations of his powers of 
reason. All that can be claimed for 
science is that it focuses upon those 
primary observations about which hu- 
man observers (most of them) can 
agree, and that it emphasizes those 
methods of reasoning which, from em- 
pirical results or the successful fulfill- 
ment of predictions, most often lead 
to mental constructs and conceptual 
schemes that satisfy all the require- 
ments of the known phenomena. 

Science, Integrity, and 
Intellectual Freedom 

From a consideration that science is 
a human activity, inescapably subjec- 
tive, and a product of biological evolu- 
tion, it is possible to derive a genuine 
ethical basis of science. J. Bronowski, 
in an essay entitled "The Sense of Hu- 
man Dignity" (/, p. 63), has sketched 
a treatment that serves well for a be- 
ginning. The values and duties which 
are the concern of ethics are social, 
he affirms. The duties of men hold a 
society together, he says; and "the 
problem of values arises only when 
men try to fit together their need to 
be social animals with their need to 
be free men." Philosophy must deal 
with both the social and individual 
aspects of value. Most philosophical 
systems have found this very difficult 
to do. Thus dialectical materialism 
swings far to the side of social values 
and leaves iittle scope for individual 
freedom. Positivism and analytic phi- 
losophy, as typified by Bertrand Rus- 
sell and Wittgenstein, on the other 
hand, emphasize the values of the 
individual. 

Hence, continues Bronowski. be- 
cause the unit of the positivist or the 
analyst is one individual man, "posi- 
tivists and analysts alike believe that 
the words is and ousht belong to 
diflferent worlds, so that sentences con- 
structed with fs usually have a verifia- 
ble meaning, but sentences constructed 
with ouiiht never have*' (/. p. 72). 

The issue, then, is simply whether 
verification can indeed be assumed to 
be carried out by one man. Bronowski 
concludes, and I find it impossible to 
deny, that in the practice of science 
this supposition is sheer nonsense. Ver- 
ification depends completely on the 
existeticc of records ihai iu<xy be con- 
sulted, of instruments that may be 



used, of concepts that must be under- 
stood and be properly utilized. In all 
these ways, knowledge is a social con- 
struct, science a collective human en- 
terprise, and verification is no proce- 
dure of the naked, unlettered, re- 
sourceless man but an application of 
the collective tools of the trade and 
the practiced logic of science to the 
matter at hand. It is a fallacy to as- 
sume that one can test what is true 
and what is fa.oC unaided. But then it 
must follow that all verification, all 
science, depends upon communication 
with others and reliance upon others. 
Thus we come straight to the ousht 
of science, for we must be able to 
trust the word of others. A full and 
true report is the hallmark of the 
scientist, a report as accurate and faith- 
ful as he can make it in every detail. 
The process of verification depends 
upon the ability of another scientist, 
of any other scientist who wishes to, 
to repeat a procedure and to confirm 
an observation. 

Neither the philosophy of dialecti- 
cal materialism nor xhat of the indi- 
vidualist accords with the basic nature 
of man and of scientific truth. The 
extreme social position leaves no room 
for the conscience of man and the 
exercise of intellectual freedom be- 
cause the community dictates what is 
right and what a man ought to do. 
Yet the positivist's position is also 
faulty because "how a man ought to 
behave is a social question, which al- 
ways involves several people; and if 
he accepts no evidence and no judg- 
ment except his own, he has no tools 
with which to frame an answer" 
(/. p. 72). Again, "All this knowledge, 
all our knowledge, has been built up 
communally; there would be no astro- 
physics, there would be no history, 
there would not even be language, if 
man were a solitary animal" (/, p. 73). 

"What follows?" asks Bronowski, 
and answers (/. p. 73): "It follows 
that we must be able to rely on other 
people; we must be able to trust their 
word. That is, it follows that there is a 
principle which binds society together, 
because without it the individual would 
be helpless to tell the true from the 
false. This principle is truthfulness. 
If we accept truth as a criterion, then 
we have also to make it the cement 
to hold society together." Whence he 
derives the social axiom: 

"We OUGHT to act in such a way 
ihai what IS irue can *oc verified lo 
be so/* 
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So Bronowski. If his reasoning be 
accepted, and to me it seems unargu- 
able, we must conclude that the cement 
of society is nothing less than the basic 
ethical tenet of science itself. The 
very possibility of verification, the as- 
surance that one's own conclusions are 
not dreams, hallucinations, or delu- 
sions rests upon confirmation by oth- 
ers, by "competent" observers whom 
we trust to tell the truth. 

The scientist's integrity. Ethics rests 
upon moral integrity. Science rests 
upon the scientist's integrity. This is so 
implicit in all of our science that it is 
rarely expressed and may be over- 
looked by novice or layman. Bronow- 
ski mentions examples of what hap- 
pens when this basic moral command- 
ment is vi(»lated by a scientist. Lysenko 
is held up to scorn throughout the 
world and eventually is deposed (2). 
Kammerer commits suicide (i). It is 
very interesting that both of these 
notorious examples, and others less 
well known, such as that of Tower, a 
quondam professor of biology at the 
University of Chicago, have related to 
attempts to "prove" or bolster the the- 
ory of the inheritance of acquired 
characteristics. The singular attractive- 
ness of this theory for violators of 
scientific integrity is no doubt owing 
to its social significance, since if true 
it would offer a quick and easy wax 
for man to control the direction of 
human evolution and would lessen the 
obdurate qualities of genes modifiable 
only by mutation in uncontrollable di- 
rections. 

It is not so generally recognized by 
these superficial evolutionary philoso- 
phers that, if true, the inheritance of 
characters produced through modifi- 
cations of the environment would call 
in question the value of all evolutionary 
gains, since the modified characters 
would themselves have no real genetic 
permanence and would shift and vary 
with every change of environment. 
They also do not recognize one of the 
most essential aspects of heredity, the 
protection of the genetic nature against 
vicissitudes. The reason why death is so 
necessary a part of life is that the 
ground must be cleared for fresh life. 
The reason why the genotype must re- 
main unmodifiable by ordinary environ- 
mental causes is because the course of 
life for every individual involves the 
cumulative effects of injury, disease, and 
senescence. The new generation must 
indeed start /rc.v/; that i,. free from 
all the disabilities incurred during life 
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by its parents and remoter incestors. 
Evolution through the action of natu- 
ral selection upon mutations, most of 
which are harmful and nonadaptive* 
while only a rare exemplar among 
them is possibly advantageous, is a 
process slow In the extreme. But it 
preserves the gains of the past, and 
it permits every generation to be born 
anew, unburdened by decrepitude, to 
try out its varieties of genotypes in 
each niche of the environment. 

The loss of scientific integrity 
through deliberate charlatanry or de- 
ception Is less common than the vio- 
lation of scholarly honesty through 
plagiarism. The theft of another man's 
ideas and the claim that another's dis- 
covery is one's own may do no In- 
jury to the body of scientific knowl- 
edge, if the substance of what is stolen 
be true. It may even do no harm to 
the original discoverer, who may be 
dead or in no need of further credit 
to advance his own career. It is never- 
theless a canker in the spirit of the 
thief and does damage to the fabric of 
science by rendering less trustworthy 
the witness of the scientist. 

Plagiarism shades into unacknowl- 
edged borrowing. Which of us in fact 
can render exactly the sources of all 
his ideas? Psychologists have now am- 
ply demonstrated the ease with which 
self-deception enters into the forget- 
ful ness of borrowed benefits. The win- 
try wind of mans ingratitude blows 
only on the donor of benefits forgot. 
Around the self-deluded recipient blow 
only the mildest, gentlest zephyrs of 
spring. The newer patterns of scientific 
publication and support of research 
have multiplied a thousandfold the op- 
portunities ff^r the scientist's self-de- 
ception. Et'ltors of scientific journals 
today customarily rely upon referees 
for opinions regarding the merit of 
manuscripts submitted for publication. 
The enormous expansion of scientific 
activity and the development of hun- 
dreds of new specialties have made 
this referee system necessary. The best 
referee is of course some other scientist 
who is working closely on the same 
scientific problems but is not associ- 
ated with the author in the actual work 
— In other words, a competitor, since 
we must not forget that scientists are 
people who must earn a living, and 
since compensation and repute follow 
productivity and publication. Natural 
selection is at work among scientists, 
too! What is most alarming about the 
workings of the referee system is not 
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the occasional overt lapse of honesty 
on the part of some referee who sup- 
presses prompt publicaiion of a rival's 
work while he harvests the fruit by 
quickiy repeating it— perhaps even ex- 
tending it — and rushing into publica- 
tion with his own account. What is 
far more dangerous, I believe, because 
it is far more insidious and widespread, 
is the inevitable subconscious germina- 
tion in the mind of any referee of the 
ideas he has obtained from the un- 
published work of another person. If 
we are frank with ourselves, none of 
us can really state where most of the 
seminal ideas that lead us to a par- 
ticular theory or line of investigation 
have been derived. Darwin frankly ac- 
knowledged the ideas of Malthus which 
led him to the Theory of Natural 
Selection: but although he was one of 
the most honest of men. and one who 
was deeply troubled when Alfred Rus- 
sel Wallace sent him in 1858 the brief 
paper setting forth his own parallel 
derivation of Darwin's theory. Dar- 
win nevertheless never made the slight- 
est acknowledgment of the idea of 
natural selection which he had surely 
read in the work of Edward BIyth in 
1835 and 1837 (4), We may 'guess 
that Darwin's reasoning at the time 
went rather as follows: 

BIyth's conception is that natural selec- 
tion leads to a restriction of hereditary 
variation in populations. Through elimi- 
nation of the more variable specimens 
in a species, nature keeps the species 
true to type and prevents it from be- 
coming maladapied to its environment. 
Blyth's Natural Selection not an evo- 
lutionary force a: all, but instead is a 
force for maintenance of the status quo. 

\et it is very hard to understand 
why, when the full significance of the 
action of natural selection dawned 
upon Darwin, he did not reexamine 
the ideas of Edward BIyth. It should 
have been perfectly evident to him 
that the very same force that would 
eliminate variation and maintain the 
status quo of the species in a stationary 
environment would operate quite dif- 
ferently in a changing environment. 
Will we then ever know the extent to 
which Darwin was really indebted to 
BIyth, or how the ideis he probably 
rejected as invalid actually prepared 
the way for his reception of Malthus's 
thoughts in 1838? 

The conscientious referee of unpub- 
lished scientific manuscripts is similar- 
ly a gleaner in the harvest fields of 
others. The only possible way to avoid 
taking an unfair advantage would be 
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to refuse to referee any manuscripts 
that might conceivably have a rela- 
tionship to one's own research work. 
The consequences " " editors left with 
piles of unevaluate nanuscripts might 
become desperate, were there not, as 
I believe, a reasonable solution in the 
possibility that the role of referee could 
be limited to scientists who have 
ceased to do active experimental work 
themselves. What with tiie increasing 
life span and the large number of re- 
tired but mentally vigorous older sci- 
entists, the supply of competent ref- 
erees would perhaps be sufficient. To 
be sure, the criticism may be raised 
that the older scientific men cannot 
properly evaluate the significance and 
merit of really revolutionary new ideas 
and lines of work. Neither, for the 
most part, can the young! A combi- 
nation of older referees in the field 
and younger ones knowledgeable but 
not working in the same specialty 
might solve this difficulty. 

What has been said about referees 
applies with even greater force to the 
scientists who sit on panels that judge 
the merit of research proposals made 
to government agencies or to foun- 
dations. The amount of confidential in- 
formation directly applicable to a 
man's own line of work acquired in 
this way in the course of several years 
staggers the imagination. The most 
conscientious man In the world cannot 
forget all this, although he too easily 
forgets when and where a particular 
idea came to him. This information 
consists not only of reports of what 
has been done in the recent past but 
of what is still unpublished. It includes 
also the plans and protocols of work 
still to be performed, the truly germi- 
nal ideas that may occupy a scientist 
for years to come. After serving for 
some years on such panels I have 
reached the conclusion that this form 
of exposure is most unwise. One sim- 
ply cannot any longer distinguish be- 
tween what one properly knows, on 
the basis of published scientific in- 
formation, and what one has gleaned 
from privileged documents. The end of 
this road is self-deception on the one 
hand, or conscious deception on the 
other, since in time scientists who must 
make research proposals learn that it 
is better not to reveal v/haf they really 
intend to do, or to set down in plain 
language their choicest formulations of 
experimental planning, but instead 
VrTitc up as the piugiam of iheir fu- 
ture work what they have in fact al- 
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reedy performed. Again, the integrit> 
of science is seriously compromised. 

Science and intellectual freedom. 
The first commandment in the ethical 
basis of science is complete tnithful- 
ness, and the second is like unto it: 

Thou Shalt neither covet thy neigh- 
bor's ideas nor steal his experiments. 

The third is somewhat different. It re- 
quires fearlessness in the defense of 
intellectual freedom, for science can- 
not prosper where there constraint 
upon daring thinking, here society 
dictates what experiments may be con- 
ducted, or where the statement of one s 
conclusions may lead to loss of liveli- 
hood, imprisonment, or even death. 

This Is a hard ethic to live by. It 
brought G rdano Bruno to the stake 
in 1600. The recantation of Galileo 
was an easier way; the timidity of 
Descartes and Leibniz, who left un- 
published their more daring scientific 
thoughts, was understandably human 
but even less in the interest of science 
or. ultimately, of the society that felt 
itself threatened. Whether in the con- 
flict of science with religion, or with 
political doctrine (as in Nazi Ger- 
many), or with social dogma (as in 
the Marxist countries), scientists must 
be willing to withstand attack and vili- 
fication, ostracism and punishment.^ or 
science will wither away and society 
itself, in the end. be the loser. 

From the beginning the inveterate 
foe of scientific inquiry has been au- 
thorit> — the authority of tradition, of 
religion, or of the state — since science 
can ciccept no dogma within the sphere 
of its investigations. No doors must 
be barred to its inquiries, except by 
reason of its own limitations. It is the 
essence of the scientific mind not only 
to be curious but likewise to be skepti- 
cal and critical — to maintain suspended 
judgment until the facts are in, to be 
willing always, in the light of fresh 
knowledge, to change one's conclu- 
sions. Not even the "laws" of science 
are irrevocable decrees. They are mere 
summaries of observed phenomena, 
ever subject to revision. These laws 
and concepts remain testable and chal- 
lengeable. Science is thus wholly de- 
pendent upon freedom — freedom of 
inquiry and freedom of opinion. 

But whr.t is the value of science to 
man, that it should merit freedom? 
There are those, indeed, who say that 
science has value only in serving our 
material wants. To quote one of them: 
Q "Science is a social phenomenon, and 
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like every other social phenomenon is 
limited by the injury or benefit it con- 
fers on the community. . . . The idea 
of free and unfettered science ... is 
absurd." Those were the words of 
Adolf Hitler, as reported by Hermann 
Rauschning (5). In Soviet states a simi- 
lar view is held officially; and in the 
Western democracies, likewise, not a 
few scientists as well as laymen have 
upheld a similar opinion. The British 
biologist John R. Baker has pointed 
out that this view shades through oth- 
ers, such as the admission that scien- 
tists work best if they enjoy their 
work, and the supposition that science 
has value in broadening the outlook 
and purging the mind of pettiness, to 
the view that a positive and primary 
value of science lies in its creative 
aspect "as an end in itself, like music, 
art, and literature" (6). "Science aims 
at knowledge, not utility," says Albert 
Szent-Gyorgyi (7); and Alexander von 
Humboldt wrote in his masterpiece. 
Cosmos, that "other interests, besides 
the material wants of life, occupy the 
minds of men" (8), 

It is readily demonstrated that the 
social usefulness of the conclusions of 
science can rarely be predicted when 
the work is planned or even after the 
basic discoveries have been made. John 
R. Baker, in his book Science and the 
Planned State, has cited numerous ex- 
amples that show the impracticability 
of too narrowly planned a program of 
scientific research. The sphere of in- 
vestigation must be determined by the 
investigator's choice rather than by 
compulsion — by perception of a prob- 
lem to be solved rather than by a 
dogma to be accepted blinJiy. Science 
must be free to question and investi- 
gate any matter within the scope of 
its methods and to hold and state what- 
ever conclusions are reached on the 
basis of the evidence — or it will perish. 
But science is represented only by the 
individual scientists. These persons 
must acknowledge the moral impera- 
tive to defend the freedom of science 
at any cost to themselves. Every Dar- 
win needs a Thomas Henry Huxley., 
Every Lysenko demands his martyred 
Vavilov, his hundreds of displaced gen- 
eticists before he is finally deposed. 
Modern science, from its very begin- 
nings near the end of the 16th c**ntury, 
became immediately concerned wiih a 
major political issue, the freedom of 
the scientist to pursue the truth wher- 
ever it might lead him. even though 
that conclusion might be highly dis- 
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turbing to settled religious beliefs or so- 
cial conventions and practice. The 
pyre of Bruno and the ordeal of Gali- 
leo led directly in spirit to the att^^cks 
on Charles Darwin 250 years later 
and to latter-day instances of the social 
suppression of scientific findings. The 
distortion of genetics by racists in 
Nazi Germany finds a counterpart in 
the United States. Mendelian genetics 
in the U.S.S.R. and the nutritive quali- 
ties of oleomargarine in Wisconsin 
share a similar fate. The third com- 
mandment then reads: 

Thou Shalt defend the freedom of sci- 
entific investigation and the freedom of 
publication of scientific opinion with thy 
life, if need be. 

Science and communication. Inas- 
much as science is Intrinsically a social 
activity and not a solitary pleasure, 
another primary aspect of the ethics 
of science is the communication to 
the world at large, and to other sci- 
entists in particular, of what one ob- 
serves and what one concludes. Both 
the International scope of scientific 
activity and the cumulative nature of 
scientific knowledge lay upon the in- 
dividual scientist an overwhelming 
debt to his colleagues and his fore- 
runners. The least he can do in re- 
turn, unless he is an mgrate. is freely 
to make his own contributions a part 
of the swelling flood of scientific in- 
formation available to all the world. 

There are at least five distinct ob- 
ligations hi^ indebtedness places upon 
each scientist. The first of these Is the 
obligation to publish his methods and 
his results so clearly and in such de- * 
tail that another may confirm and ex- 
tend his work. The pettiness and jeal- 
ousy that lead some scientists, in their 
effort to stay ahead of the ruck, to 
withhold sv me significant step of pro- 
cedure or some result essential to full 
understanding of the stated conclusions 
have no place in the realm of science. 
In other Instances it is sheer laziness 
or procrastination that is at fault. 
Whatever the only-too-human reason, 
science suffers. 

A second obligation that Is far more 
frequently neglected Is the obligation 
to see that one's contributions are pfop- 
erly abstracted and indexed, and thus 
made readily available to workers 
everywhere. Many scientists ignore ihis 
obligation completely. Yet. as the 
sheer volume of scientific publication 
passes a half-million and soon a mil- 
lion articles a year, it is obviously in- 
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sufficient to add one's own leaflet to 
the mountains of paper cramming the 
scientific libraries of the world. The 
need to have scientific findings ab- 
stracted and indexed has been fully 
recognized by such international bodies 
as the International Council of Scien- 
tific Unions: its Abstracting Board has 
urged every author to prepare an ab- 
stract in concise, informative style, to 
be printed at the head of each scien- 
tific paper; and the editors of most 
scientific journals have now made this 
a requirement for acceptance and pub- 
lication of a paper. Nevertheless, few 
authors prepare their abstracts with- 
out a reminder, and few heed the re- 
quirements for a concise, informative 
summary that will permit proper in- 
dexing of the major items treated in 
the paper. 

A third obligation is that of writing 
critical reviews, which will be true 
syntheses of the knowledge accumulat- 
ing in some field. I firmly believe that 
there is no scientific activity today 
more necessary and at the same time 
less frequently well done than this one. 
I have said elsewhere (9): 

To be sure, the scientist seeks for facts 
—or belter, he starts with observations. 
. . .But I would siiy that tht real 
scieniiM. if not the scholar m genenil. is 
no quarry man. but is precisely and ex- 
actly a builder — a builder of facts and 
obscrvati'-ns into conceptual schemes and 
intellectual models that attempt to pre- 
sent the realities of nature. It is the de- 
fect and very imperfection of ihe scientist 
that so often he fails to build a coherent 
and beautiful structure of his work . . . 

The creativity of scientific writing lies 
precisely here. The task of the writer of 
a critical review and synthesis ... is not 
only indispensable to scientific advance 
—-it surely constitutes the essence of the 
scientific endeavor to be no mere quarry- 
man but in some measure a creator of 
truth :md understanding. The aesthetic 
element that makes scientist akin to poet 
and artist is expressed primarily in this 
broader activity. 

The critical nature of the critical re- 
view grows from our constant forgetful- 
ness of all this. The young scientist is 
laught carefully end methodically to be a 
quarryman or a bricklayer. He learns to 
use his tools well but not to enlarge 
his perspective, develop his critical pow- 
ers, or enhance his skill in communica- 
tion. The older scientist is too often over- 
whelmed by detail, or forced by the com- 
petition of the professional game to stick 
to the procevses of "original research" 
and "training.** The vastness of the sci- 
entific literature makes the search for 
general comprehension and perception of 
new relationships and possibilitie<» every 
day more arduous. Ihe editor of the 
-Qj"'^ il review journal finds ev^-v year a 
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growing reluctance on <he part of the 
best qualified scientists to devote the 
necessary time and energy to this task. 
Often it falls by default to the journey- 
man of modest talent, a compiler rather 
than critic and creator, who enriches the 
scientific literature with a fresh molehill 
in which later compilers may burrow. 

All this need not be so, but it will re- 
main so without a deeper sense of the 
obligation of the scientist to synthesize 
and present his broadest understand- 
ing of his own field of knowledge. 
Tomorrow*s science stands on the 
shoulders of those who have done so. 
no less than on the shoulders of the 
gnat discoverers. 

A fourth obligation is communica- 
tion to the general public of the great 
new revelations of science, the impor- 
tant advances, the noble syntheses of 
scientific knowledge. There have al- 
ways been a few eminent scientists who 
did not scorn to do this: Thomas Henry 
Huxley. John Tyndall. and Louis 
Pasteur set the pattern in the 19th 
century, and in our own timt ore 
have indeed been many who followed 
their precedent. Yet there seems to 
be a growing tendency to turn this 
obligation over to professional science 
writers who. however good, should 
not replace the direct, personal, and 
authoritative appeal of the scientist to 
the general public. As our culture and 
civilization become day by day inoro 
completely based on scientific discov- 
ery and technological application, as 
human exploration becomes ever more 
restricted to the endless frontiers of 
science, every citizen must know 
whereby he lives and whereupon he 
leans. A democracy rests secure only 
upon a basis of enlightened citizens 
who have imbibed the spirit of science 
and who comprehend nature as 
well as its fruits. In ful ling the re- 
quirement of our age for the public 
understanding of science the scientist 
must shirk no duty. 

A final obligation in the total pur- 
view of scientific communication is 
the obligation to transmit the best and 
fullest of our scientific knowledge to 
each succeeding generation. It is well 
said that genetic transmission of hu- 
man characteristics and powers is now 
far overshadowed by cultural inherit- 
ance. The transmission of knowledge 
is the role of the teacher, and the obli- 
gation of the scientist to teach is his 
last and highest obligation to the so- 
ciety thai gives him opportunity to 
achieve his goals. 



To every scientist— to some sooner, to 
some only late— there comes the reali- 
zation that one lifetime is too short and 
that other hands and other minds must 
carry on and complete the work. Only 
a few scientists arc therefore content to 
limit their entire energies to exploration 
and discovery. Research is one end, but 
the other must be the training of the 
new generation of scientists, the trans- 
mission of knowledge and skill, of insight 
and wisdom. The latter task is no less 
necessary, no less worthy. From the be- 
ginnings of human history, the exponen- 
tially accelerating growth of human 
power ... has required each generation 
to instruct and inform the next. 

This is the challenge that faces every 
teacher of a science as he steps into the 
classroom or guides the early efforts of 
an individual student. Here, in this sea 
of fresh faces— here, amidst the stum- 
blings and fumblings — may be the New- 
ton or Einstein, the Mendel or Darwin 
of tomorrow. For few — so very few — 
men are self-taught. The teacher cannot 
supply the potentialities of his students, 
but he is needed to see that the po- 
tentialities will unfold, and unfold fully. 
His is not only tl... task of passing on 
the great tradition of the past, with its 
skills and accumulated knowledge; he must 
also provide breadth and perspective, self- 
criticism and judgment, in order that a 
well-balanced scientist may grow to full 
stature and continue the search. 

Of all the resources of a nation, its 
greatest are its boys and girls, its young 
men and women. Like other material re- 
sources, these can be squandered or dis- 
sipated. They arc potential greatness, but 
they are only potentialities. Science cre- 
ates knowledge and knowledge generates 
power, but knowledge resides only in the 
minds of men who first must learn and 
be taught, and power is tyranny unless it 
be guided by insight and wisdom, justice 
and mercy. The greatest of men have 
been teachers, and the teacher is greatest 
among men (10). 



The Social and Ethical 
Responsibilities of Scientists 

The scientist escapes lightly — instead 
of ten commandments only four: to 
cherish complete truthfulness; to 
avoid self-aggrandizement at the ex- 
pense of one's fellow-scientist; fear- 
lessly to defend the freedom of scien- 
tific inquiry and opinion; and fully 
to communicate one's findings through 
primary publication, synthesis, and in- 
struction. Out of these grow the social 
and ethical responsibilities of scientists 
that .'n the past 20 years have begun 
to loom ever larger in our ken. 

Thestf may be considered under the 
three heads of proclamation of bene- 
fits, warning of risks, and discussion 
of quandaries. The first of these, the 
advertisement of the benefits of sci- 
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ence, seems to be sufficiently promoted 
in these days when science is so well 
supported by government and private 
agencies and when grants are justified 
on the basis of social benefits. Every 
bit of pure research is heralded as a 
step in the conquest of nuclear or 
thermonuclear power, space explora- 
tion, elimination of cancer and heart 
disease, or similar dramatic accom- 
plishments. The ethical problem here 
is merely that of keeping a check-rein 
on the imagination and of maintain- 
ing truthfulness. But the truth itself is 
so staggering that it is quite enough 
to bemuse the public. 

Since 1945 more and more scientists 
have become engaged in warning of 
the great risks to the very future of 
man of certain scientific develop- 
ments. First the atomic bomb and then 
the hydrogen bomb brought swift real- 
ization of the possibility of the de- 
struction of all civilization and even 
the extinction of all human life were 
a nuclear war to break out. The 
atomic scientists, conscience-stricken, 
united to secure civilian control of nu- 
clear energy. Albert Einstein and Ber- 
trand Russell issued an appeal to sci- 
entists to warn the world of the tragic 
consequences of overoptimism and of 
an unbridled arms race. Joined by a 
dozen notable scientists, they initiated 
the "Pugwash" Conferences on Science 
and World Affairs in 1957. In these 
conferences scienti.sts of East and 
West sat down together to talk, in 
objective scientific te.'-ms, of the mili- 
tary and political problems of the 
world and their resolution. It was not 
that the scientists at all felt themselves 
to be more highly qualified than diplo- 
mats and statesmen, economists or 
lawyers, to find solutions of the most 
difficult and delicate problems of in- 
temational relations. They acted on 
two grounds only: that they uniJ'»r- 
stood the desperate nature of the situ- 
ation about which the world must be 
warned in time; and that they hopec' 
discussions by persons accustomed to 
arg^:-, in objective, scientific terms 
might pave the way for better under- 
standing and more fruitful negotiation 
on liie part of officials. In the ensuing 
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discussions of the effects of fallout 
from nuclear weapons tests on persons 
now living and on the generations yet 
unborn, scientists played a very im- 
portant role. In no small measure, I 
believe, historians of the future uill 
recognize how great a part was played 
by the scientists in bringing about 
the partial nuclear weapons test ban. 
Scientists are now deeply involved in 
politics, and naturally enough often on 
both sides of the argument, for al- 
though they may agree upon the basic 
scientific facts which are relevant to the 
issue, there are rarely enough estab- 
lished facts to clinch the argurncrit 
and there is always room for differ- 
ences of opinion in interpreting the 
facts. In these matters the ethic of the 
matter requires the scientist to state 
his opinion on matters of social con- 
cern, but at the same time to dis- 
tinguish clearly between what he states 
to be fact and what opinion he holds. 
Moreover, his opinion about matters 
within his technical sphere of compe- 
tence is an "informed** opinion; his 
opinion about other matters, even oth- 
er scientific matters, is that of a lay- 
man. He must in all honesty make 
clear to the public in what capacity he 
speaks. 

Nuclear war is only one of the dire 
misfortunes that are poised above the 
head of modern man. The unrestricted 
and appalling rate of population in- 
crease in most countries of the world, 
if projected just a few decades into the 
future, staggers the imagination with 
its consequences. Effective control of 
the birth rate is the only conceivable 
answer to effective reduction by mod- 
ern health measures of the death rate. 
This is the world problem second in im- 
portance at the present time, and must 
engage the conscience of the scientist. 

The problem of the future is the 
ethical problem of the control of man 
over his own biological evolution. The 
powt s of evolution now rest in his 
hanOs. The geneticist can define the 
means and prognosticate the future 
with some accuracy. Yet here we en- 
ter the third great arena ot cthi'^al dis- 
cussion, passing beyond the benefits of 
science and the certain risks to the 
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nebulous realm of quandaries.. Man 
must choose goals, and a choice of 
goals involves us in weighing values — 
even whole systems of values. The 
scientist cannot make the choice of 
goals for his people, and neither can 
he measure and weigh values with ac- 
curacy and objectivity. There is none- 
theless an important duty he must per- 
form, because he and he alone may 
see clearly enough the nature of the 
alternative choices, including laissez 
faire, which is no less a choice than 
any other. It is the social duty and 
function of the scientist in this arena 
of discussion to inform and to demand 
of the people, and of their leaders too, 
a discussion and consideration of all 
those impending problems that grow 
out of scientific discovery and the am- 
plification of human power. Science is 
no longer — can never be again — the 
ivory tower of the recluse, the refuge 
of the asocial man. Science has found 
its social basis and has eagerly grasped 
for social support, and it has thereby 
acquired social responsibilities and a 
realization of its own fundamental 
ethical principles. The scientist is a 
man, through his science doing good 
and evil to other men, and receiving 
from them blame and praise, recrimi- 
nation and money. Science is not only 
to know, it is to do, and in the doing 
it has found its soul. 
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Ethical Code for Scientists? 

In recent months a bibliography (/) 
has been assembled entitled *Some 
ethical problems of science and tech- 
nology/' It covers the period from Jan- 
uary 1955 to July 1963 and includes 
about 300 references in English in a 
compilation characterized as **not ex- 
haustive/' 

This bibliography supplies ample 
evidence of the interest of scientists^ 
engineers, and the public in the ethical 
aspects of the relationships of scien- 
tists and engineers to society and to 
one another There emerges, however, 
one item of substantial difference be- 
tween the approaches of the engineers 
and the scientists to their ethical prob- 
lems, which deserves attention. Engi- 
neers have shown a definite interest in 
organized action (2) to improve ethi- 
cal practice — for example, by empha- 
sis on ethical considerations in the 
training of engineers, and by the adop- 
tion of formal codes of ethics by the 
various professional societies of engi- 
neering. Except among the psycholo- 
gists, who have "Jopted a set of "Ethi- 
cal Standards for Psychologists** {3), 
there is no evidence of similar action 
by scientists, who seem to have con- 
fined their efforts in the area oi ethics 
to discussion. 

It is true that it has been proposed 
at least twice (4) that scientists as a 
group should adopt a code of ethical 
practice. In their proposal, Pigman and 
Carmichael, in 1950, discussed the 
scope of such a code in some detail^ 
but thus far there has been no indica- 
tion that these, or any similar pro- 
posals, are being acted upon. 

In taking formal action in the area 
of ethics, engineers are in accord with 
traditions long established in other pro- 
fessions (5) and with a strong trend 
in many other occupational groups 
toward ethical self-regulation. It is 
tempting, therefore^ to speculate on the 
reasons for the divergence of scientists 
from what has become substantially 
y .norm of social conduct. 



Orft relevant factor, clearly, is the 
traditional remoteness of scientists 
from the temptations of the market 
place and from stresses generated by 
competition for professional advantage, 
for power, and for influence. But even 
in 1950 Pigman and Carmichael were 
observing that this remoteness •was a 
thing of the past. Today, such a world- 
ly problem as conflict of interest (6) 
is far from a trivial concern for many 
scientists, and one can readily argue 
that, in his role as government ad- 
viser, government contractor, govern- 
ment official dispensing large sums of 
public money, grant recipient, entre- 
preneur, consultant, supervisor, or em- 
ployee, the scientist is at least as much 
enmeshed in ethical problems as the 
engineer. 

Perhaps scientists have merely been 
somewhat slow to adapt to the great 
changes which have taken place so 
rapidly in the scientific professions in 
recent years. Perhaps the reasons for 
the diiTcrencc in approach lie deeper. 
In any case, the record of nee- and 
of precedent suggest that a course of 
positive action in the area of ethics is 
something which merits the thoughtful 
attention of the scientist and the scien- 
tist-educator, and of their professional 
organizations. 

Lawrence Cranberg 
Los Alamos Scientific Laboratory^ 
Los Alamos, New Mexico 
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Code of Ethics 

Lawrence Cranberg stales [Scien<'e 
141, 1242 (196.^)1 that, in contrast to 
engineers, psychologists, and members 
of other professions, scientists have no 
code of ethics, probably because of 
their remoteness from the marketplace 
or their slowness to adapt to the great 
changes which have taken place in re- 
cent years. He suggests that we devote 



our thoughtful attention to this matter. 

Very strong in my ovn scientific 
upbringing was the principle of "scien- 
tific honesty** and the complete realiza- 
tion that this is the very essence of 
science. I have also seen one or two 
instances of how rapidly and com- 
pletely even outstanding scientists dis- 
appeared from the scientific commu- 
nity when caught in an overt violation 
of this ethic. It certainly never oc- 
curred to me that this was a matter 
on which we should vote! I wonder if 
adopting it formally would make it 
more effective. 

F. R. FOSBERO 
2J2 Holmes Run Road, 
Falls Church, Virginia 

Cranberg, in his discussion of an 
ethical code for scientists, seems sur- 
prised that no action has been taken 
in this area. Could it be that the scien- 
tific community as a whole feels that 
such a code «s unnecessary? My guess 
•.vould be **yes**! 

From certain points of view a code 
of ethics is implicit in the word scien- 
tist. The game of science is played 
under certain rules — uncodified, yes, 
but nevertheless present and adhered to 
by most scientists. Cranbcrg*s examples 
of codes in certain professions are not 
applicable to scientists. By and large, 
the medical profession, lawyers, engi- 
neers, psychologists, and so on have 
codes set up primarily for legal pur- 
poses, not for moral purposes. 

The mere thought of setting up a 
code of ethics for scientists is insulting! 

Henry Lanz 
Veterans Administration Hospital, 
Dallas, Te.xas 
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Ethical Code for Scientists? 

Lawrence Cranberg {Science 141, 
1242 (196.^)1 makes the point that 
scientists have been dilatory, as com- 
pared to engineers, in doing more than 
merely talk about formal codes of 
ethics for their professions. I am not in 
a position to equate the efforts of the 
various professions in making clear the 
relationship of their work to society. 
However, 1 wish to point out that one 
group of scientists, the Society for So- 
cial Responsibility in Science, has taken 
its social responsibilities seriously. 



45 



Each scientist, in becoming a mem* 
bcr of this society, agrees: to 
foresee, insofar as possible, the resuhs 
of his professional work, (2) to as- 
sume persona! moral responsibility for 
the consequences of this work, not 
delegating this responsibility to his em- 
ployer, (3) to put his own efforts only 
into that work which he feels will be 
of lasting benefit to mankind, and (4) 
to share his scientific knowledge, and 
such ethical judgments as are based 
upon it, with government and laymen 



in order that they may intelligently use 
the tools which science provides." 

This is, in effect, a code of ethics, 
which, as Cranberg says, is much need- 
ed today, 

W, E, Graham 

973 Woodmcre Drive, 
IVeMfieldf New Jersey 



However worthy the SSRS may be, 
its concern with a limited, special range 
of ethical problems and its existence 



apart from the main body of prof'*s- 
sional scientific organizations only em 
phasize the disp^riues which exist be- 
tween scientists and other occupational 
groups with respect to ethical education 
and regulation. These disparities re- 
main to be justified or eliminated. 

Lawrunce Cranberg 
Department of Physics, 
U n/vcryity of Virginia, 
Charlottes ville 
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While the authors m the preceding chapters were expressing 
their concerns about the increasing connections between 
science, government, and the rest of society, other mem- 
bers of the scientific community were turning attention to the general 
lack of public understanding of science. In a culture dominated by the 
applications of scientific work, public awareness of the human side of 
science, especially understanding of the details of daily life in the 
laboratory, was not keeping up with the astounding pace of scientific 
development . 

This isolation of the affairs of scientists from the affairs of ordinary 
life is dangerous, several writers noted, because it leads to false 
images and stereotypes that perpetuate myths based on ignorance and 
ijIsc hopes. If the promise of science did not live up to the public's 
belief in its power to produce certainty and progress, the backlash 
would be enormous. 

Gerald Hollon's introduction to these themes appeals to in- 
tellectuals within and outside the world of science to diminisn the 
separation between scientists and humanists. To foster greater public 
understanding of the meaning of progress in scientific research. 
Holion urges colleagues to shatter false images of science in literature 
and the arts and to replace these with a contemporary picture in 
keeping with the role of science in the modem world. 

Robert S. Mv)rison, observing a gn>'..ing skepticism about the 
^a!ue of ratio?* hiy throughout siKiety. fears that skeptics might 
eventually eiv/ public suppt)rt for science. He concludes that sci- 
ence can no ' /ngcr afford to be conitortabl) isolated from ordinary 
human aila.ri. and urges the scientific community to redouble its 
efforts to present science as a fully understandable priKess 

One of the more staking consequences of increased concerns about 
public understanding of science has been the search for new ways to 
observe and record the actual behavior of scientists and engineers as 
they carry out their professional work. June Goodfield, in her plea for 
more human i!y in science, calls for a study of science "as it is done" as 
a prerequisite of reconstructing the history of science. In particular. 



she calls for stronger efforts to explicate the real nature of scientific 
activity in order to assist its incorporation into human Culture. 

In describing the life and times of Albert Einstein, Carlos Chagas 
captures the essence of Einstein's professional and political develop- 
ment, giving particular emphasis to Einstein's battles against anti- 
Semitism, his efforts to promote world peace, and his postwar activi- 
ties dedicated to educating others about the horrors of nuclear war. 
Chagas observes that Einstein, perhaps one of the few scientists easily 
recognized and understood by the public at large, was a visible 
conscience for many in a world of anguish. 

The increased emphasis on the humanity of scientists led to more 
awareness within the scientific community of the human dilemmas 
faced by its members. The first chair of the National Academy of 
Sciences' Committee on Human Rights. Robert W. Kates, describes 
the committee's effort to respond to human rights violations affecting 
scientists throughout the world. He .entifies the troubling issues 
related to the nature ofhuman nghts. the choice of casts for action by 
the Academy, and the method of protest. 

In an cditonal in 1978. William D. Carey notes that the boundaries 
that once clearly separated science from ordinary life no longer 
remain intact. He encourages scientists to overcome tneir in- 
d:fference to human n^hts violations, to respond to government 
controls on science ' xtbooks. and to deepen their involvement with 
the rights of the physically handicapped, women, and minorities. 

Questions of freedom, responsibility, and ethics in science ul- 
timately lead to cracks in the strict bamers that once existed between 
the abstract pnnciples derived from observations of natural ptie- 
nomena and the social values that govern everyday life. These cracks 
appear most noticeably in situations where individual scientists be- 
come advisers and advocates in public debates designed to influence 
government decisions or regulatory actions The authors iii this chap- 
ter, m calling more attention to the human side of science, set the 
stage for blumng distinctions between the role of scientist as scientist 
and the role of scientist as citizen — /?C 
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When future generations look back 
to our day, they will envy us for hav- 
ing lived at a time of brilliant achieve- 
ment in many fields, and not least in 
science and technology. We are at the 
threshold of basic knowledge concern- 
if g the origins of life, the chemical 
elements, and the galaxies. We are 
near an understanding of the funda- 
mental constituents of matter, of the 
process by which the brain works, and 
of the factors governing behavior. We 
have launched the physical exploration 
of space and have begun to see how to 
conquer hunger and disease on a large 
scale. Scientific thought appears to be 
applicable to an ever wider range of 
studies. With current technical inge- 
nuity one can at last hope to imple- 
ment most of the Utopian dreams of 
the past. 

Hand in hand with the quality of ex- 
citement in scientific work today goes 
an astonishing quantity. The world-wide 
output is vast. There are now over 50,- 
000 scientific and technical journals, 
publishing annually about 1,200,000 
articles of significance for some branch 
of research and engineering in the phys- 
ical id life sciences. Every year there 
are about 60,000 new science books 
and 100,000 research reports (i). 
And the amount of scientific work be- 
ing done is increasing at a rapid rate, 
doubling approximately every 20 years. 
Every phase of daily and national life 
is being penetrated by some aspect of 
this exponentially growing activity. 

It is appropriate, therefore, that 
searching questions are now being 
asked about the function and place of 
this lusty giant. Just as a man*s vigor- 
ously pink complexion may alert the 
trained eye to a grave disease of the 
circulatory system, so too may the 
spectacular success and growth of 

The author is professor of physics at Harvard 
University. This article is reprinted, with some 
amplification, from the anthology The InteUec- 
tuals (George B. de Huszar. Ed. (Free Press, 
Chicago, 1960) J, with permission. 




science and technology turn out, on 
more thorough study, to mask a deep 
affliction of our culture. And indeed^ 
anyone committed to the view that 
science should be a basic part of our 
intellectual tradition will soon find 
grounds for concern. 

Some of the major symptoms of the 
relatively narrow place science, as 
properly understood, really occupies 
in the total picture are quantitative. 
For example, while the total annual ex- 
penditure for scientific research and 
development in this country is now at 
the high level of over $10 billion, basic 
research — the main roots of the tree 
that furnishes scientific knowledge and 
the fruits of technology — has a share 
of about 7 percent at best (2). Cor- 
respondingly, a recent manpower study 
showed that of the 750,000 trained 
scientists and engineers, only 15,000 
are responsible for the major part of 
the creative work being done in basic 
research (J). Another nationwide siir- 
vey found that in 1958 nearly 40 per- 
cent of the men and women who had 
attended college in the United States 
confessed that they had taken not a 
single course in the "physical and bio- 
logical sciences f*^. p. !5()). Similarly, 
in contrast to tht overwhehiiing timount 
of, and concern \ith science and tech- 
nology today, the mass media pa\ only 
negligible atlerit^on to their substance: 
the newspapers have been lound to give 
less than 5 percent of their (nonadver- 
tising) space to factual presentations of 
science, technology, and medicine, and 
television stations, only abojt 0.3 per- 
cent of their time {4, pp. 1-3: 5). In 
short, all our voracious consumption of 
technological devices, y|| our talk about 
the threats or beauties of science, and 
all our mor.cy spent on engineering de- 
velopment should not draw attention 
from the fact that the pursuit of scien- 
tific knowledge itself is not a strong 
component of the operative system of 
general values. 



The Atomization of Loyalties 



In the qualitative sense, and particu- 
larly among intellectuals, the symp- 
toms are no better. One hears talk of 
the hope that the forces of science m^^y 
be tamed and harnessed to the general 
advance of ideas, that the much de- 
plored gap between scientists .and hu- 
manists may be bridged. But the truth 
is that both the hopes and the bridges 
are illusory. The separation — which I 
shall examine further — between the 
work of the scientist on the one hand 
and that of the intellectual outside 
science on the other is steadily increas- 
ing, and the genuine acceptance of 
science as a valid part of culture is be- 
coming less rather than more likely. 

Moreover, there appears at present 
to be no force in our cultural dynamics 
strong enough to change this trend. 
This is due mainly to the atrophy of 
two mechanisms by which the schism 
was averted in the past. First, the com- 
mon core of their eaily e^* .ation and 
the wide range of their uiterests was 
apt to bring scholars and scientists to- 
gether at some level where there could 
be mutual communication on the sub- 
j -ts of their individual competence; 
and second, the concepts and attitudes 
of contemporary science were made a 
part of the general humanistic concerns 
of the time. In this way a reasonable 
equilibrium of compatible interpreta- 
tions was felt to exist, during the last 
century, between the concepts and 
problems of science on the one hand 
and of intelligent common sense on 
the olher: this was also true with re- 
spect to the .scientific and the nonscien- 
tific aspects ol the training of intellec- 
tuals. Specialists, ol course, have al- 
wj\s complained of bemg inadequately 
appreci*ited; what is more, they are 
usually right. But although there were 
some large ind spots and some bit- 
ter quarrels, the two sides were not, 
as they are now in danger of coming 
to be, separated by a gulf of ignorance 
and indifference {6). 

ft is of course not my purpose here 
to urge better science education at the 
expense of humanistic and social stud- 
ies. On the contriry: the latter do not 
fare much better than science does, and 
the shabby effort devoted to science is 
merely the symptom of a more exten- 
sive sickness of our educational sys- 
tems. Nor do I want to place all blame 
on educators and publicists. Too many 
scientists have forgotten that especially 
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at a time ot rapid expansion of knowl* 
edge they have an extra obh'gation and 
opportunity with respect to the wider 
public, that some of the foremost re* 
search men, including Newton and 
Einstein, took great pains to write ex- 
positions of the essence of their dis- 
coveries in a form intended to be ac- 
cessible to the nonscientist. And in 
the humanities, too many contributors 
and interpreters seem to scoff at Shel- 
ley's contention in his Defence of 
Poetry that one of the artist's tasks is 
to *'absorb the new knowledge of the 
sciences and assimilate it to human 
needs, color it with human passions, 
transform it into the blood and bone 
of human nature.*' 

It is through the accumulation of 
such neglects just as much as through 
deterioration in the quantity and qual- 
ity of instruction given our future in- 
tellectual headers that the acceptance 
of science as a mcaningfur component 
of our culture has come to be ques- 
tioned. Again, this process is to a large 
extent merely one aspect of the in- 
creasing atoniizaiion of loyalties with- 
in the intelligentsia. The writer, the 
scholar, the scientist, the engineer, the 
teacher, the lawyer, the politician, the 
physician — each now regards himself 
first of all as a member of a separate, 
special group of fellow professionals to 
which he gives almost all his allegiance 
and energy; only very rarely dofs the 
protessional Iccl a sense of responsi- 
bility touard. or of belonging to, a 
larger intellectual community. This loss 
of cohesion is perhaps the most rele\ant 
s\mptom of the disease of our culture, 
for it points dirccti* to one of its 
specific causes. As in other cases of 
this sort, this is a failure ot image. 

Pure Thought and Practical Power 

Each person's image of the role of 
science may differ in detail from that 
of the next, but all public images arc 
in the main based on one or more of 
seven positions. The first of these goes 
back to Plato and portrays science as 
an activity with double benefits: Science 
as pure thought helps the mind find 
truth, and science as poucr provides 
tools for effective action. In book 7 of 
the Republic, Socrates tells Glaucon 
why the young rulers in the Ideal State 
should study mathematics: *This, then, 
is knowledge of the kind we are seek- 
ing, having a double usf*. military and 
O hilosophical; for I'l'. man of war must 
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leam the art of number, or he will not 
know how to array his troops; and the 
philosopher also, because he has to rise 
out of the sea of change and lay nold 
of true being. . . . This will be the eas- 
iest way for the soul to pass from be- 
coming to truth and being.** 

The main flaw in this image is that 
it omits a third vital aspect. Science 
has always had also a mythopoeic func- 
tion — that is, it generates an impor- 
tant part of our symbolic vocabulary 
and provides some of the metaphysical 
bases and philosophical orientations of 
our ideology. As a consequence the 
methods of argument of science, its 
conceptions and its models, have per- 
meated first the intellectual life of the 
time, then the tenets and usages of 
everyday life. All philosophies share 
with science the need to work with 
concepts such as space, time, quantity, 
matter, order, law, causality, verifica- 
tion, reality. Our language of ideas, 
for example, owes a great debt to 
statics, hydraulics, and the model of 
the solar system. These have furnished 
powerful analogies in many fields of 
study. GuL ling ideas — such as condi- 
tions of equilibrium, centrifugal and 
centripetal forces, conservation laws, 
feedback, invariance, complementarity 
— enrich the general arsenal of imagina- 
tive tools of thought. 

A sound image of science must em- 
brace each of the three functions. 
However, usually only one of the three 
is recognized. For example, folklore 
often depicts the life of the scientist 
either as isolated from life and from 
beneficent action (7) or. at the other 
extreme, as dedicated to technological 
improvements. 

Iconoclasm 

A second image of long standing is 
that of the scientist as iconoclast. In- 
deed, almost every major scientific ad- 
vance has been interpreted — cither tri- 
umphantly or with apprehension — as 
a blow against religion. To some ex- 
tent science was pushed into this posi< 
tion by the ancient tendency to prove 
the existence of God by pointing to 
problems which science could not solve 
at the time. Newton thought that the 
regularities and stability of the solar 
system proved it *'could only proceed 
from the counsel and dominion ot an 
intelligent and powerful Being.** and 
the same attitude governed thought 
concerning the earth's formation before 



the theory of geological evolution, con- 
cerning the descent of man before the 
theory of biological evolution, and con- 
cerning the origin of our galaxy before 
modem cosmology. The advance of 
knowledge therefore made inevitable 
an apparent conflict between science 
and religion. It is now clear how large 
a price had to be paid for a misunder- 
standing of both science and religion: 
to base religious beliefs on an estimate 
of what science cannot do is as fool- 
hardy as it is blasphemous. 

The iconoclastic image of science 
has, however, other components not as- 
cribable to a misconception of its func- 
tions. For example, Arnold Toynbee 
charges science and technology with 
usurping the place of Christianity as 
the main source of our new symbol?. 
Neo-orthodox theologians call science 
the "self-estrangement" of man be- 
cause it carries him with idolatrous 
zeal along a dimension v/hcre no ulti- 
mate — that is, religious — concerns pre- 
vail. It is evident that these views fail 
to recognize the multitude of divergent 
influences that shape a culture, or a 
person. And on the other hand there 
is, of course, a group of scientists, 
though not a large one, which really 
does regard science as largely an icono- 
clastic activity, ideologically they are, of 
course, descendants of Lucretius, vyho 
urote on the first pages of De reriim 
natuni, **Thc terror and darkness of 
mind must be dispelled not by the rays 
of the sun and glittering shafts of day, 
but by the aspect and the law of na- 
ture: whose first principle we shall be- 
gin by thus stating, nothing is ever got- 
ten out of nothing by divine power." 
In our day this ancient trend has as- 
sumed political significance owing to 
the fact that in Soviet literature scien- 
tific teaching and atheistic propaganda 
are sometime^ equated. 

Ethical Perversion 

The third image of science is that 
of a force which can invade, possess, 
pervert, and destroy man. The current 
stcrcot\pc of the soulless, evil scientist 
is the psychopathic investigator of 
science fiction or the nuclear destroyer 
— immoral if he develops the weap- 
ons He is asked to produce, traitorous 
if he refuses. According to this view, 
scientific moral it\ is inherently nega- 
tive. It causes the arts to languish, it 
blights C'jiture. and when applied to hu- 
man affairs, it leads to regimentation 
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and to the impoverishment of life. 
Science is the serpent seducing us into 
eating the fruits of the tree ot knowl- 
edge — thereby dooming us. 

The fear behind this attitude is genu- 
ine but not confined to science: it is 
directed against all thinkers and inno- 
vators. Society has always found it 
hard to deal with creativity, innovation, 
and new knowledge. And since science 
assures a particularly rapid, an'^ there- 
fore particularly disturbing, turnover of 
ideas, it remains a prime target of sus- 
picion. 

Factors peculiar to our time intensify 
this suspicion. The discoveries of 
"pure" scie-^ce often lend themselves 
readily to widespread exploitation 
through technology. The products of 
technology — whether they are better 
vaccines or better weapons — have the 
characteristics of frequently being very 
effective, easily made in large q ianti- 
ties, easily distributed, and very ap- 
pealing. Thus we are in an inescapable 
dilemma — irresistibly tempted to reach 
for the fruits of science, yet, deep in- 
side, awaie that our metabolism may 
not be able to cope with this ever-in- 
creasing appetite. 

Probably the dilemma can no longer 
be resolved, and this increases the 
anxiety and confusion concerning 
science. A current symptom is the pop- 
ular identiiicalion of science with the 
technology of superweapons. The bomb 
is taking the place of the microscope, 
Wemher von Braun, the place of Ein- 
stein, as symbols for modern science 
and scientists. The efforts to convince 
people that science itself can give man 
only knowledge about himself and his 
environment, and occasionally a choice 
of action, have been largely unavail- 
ing. The scientist as scientist can take 
little credit or responsibility either for 
facts he discovers — for he did not 
create them — or for the uses others 
make of his discoveries, for he ger>- 
eraliy is neither permitted nor specially 
fitted to make these decisions. They 
are controlled by considerations of 
ethics, economics, or politics and 
therefore are shaped by the values and 
historical circumstances of the whole 
society [S). 

There are other evidences of the 
widespread notion that science itself 
cannot contribute positively to culture. 
Toynbee, for example, gives a list of 
"creative individuals," fron; Xenophon 
to Hindenburg and from Dante to 
Lx^nin, but docs not includf a single 
^''•'jntist. I cannot forego the remark 
pn ipt there is a significant equivalent on 



the level of casual conversation. For 
when the man in the street — or many 
an intellectual — hears that you are a 
physicist or mathematician, he will 
usually remark with a frank srnile, **0h, 
I never could understand that subject**; 
while intendi^ig this as a curious com- 
pliment, he betrays his intellectual dis- 
sociation from scientific fields. It is not 
fashionable t*- confess to a lack of ac- 
quaintance with the latest ephemera in 
literature or the arts, but one may even 
exhibit a touch of pride in professing 
ignorance of the structure of the uni- 
verse or one*s own body, of the *o\- 
havior of matter or one s own miml. 



The Sorcerer's Apprentice 

The last two views held that man is 
inherently good and science evil. The 
next image is based on the opposite as- 
sumption — that man cannot be trusted 
with scientific and technical knowledge. 
He has survived only because he lacked 
sufficiently destructive weapons; now 
he can immolate his world. Science, in- 
directly responsible for this new power, 
is here considered ethically neutral- 
But man, like the sorcerer's apprentice, 
can neither understand this tool nor 
control it. Unavoidably he will bring 
upon himself catastrophe, partly 
through his natural sinfulness, and 
partly through his lust for power, of 
which the pursuit of knowledge is a 
manifestation. It was in this mood that 
Fliny deplored the development of pro- 
jectiles of iron for purposes of war: 
"This last I regard as the most criminal 
artifice that has been devised by the hu- 
man mind; for, as if to bring death 
upon man with still greater rapidity, 
we have given wings to iron and taught 
it to fiy. Let us, therefore, acquit Na- 
ture of a charge that belongs to man 
himself.*' 

When science is viewed in this plane 
— as a temptation for the mischievous 
savage — it becomes easy to suggest a 
moratorium on science, a period of 
abstinence during which humanity 
somehow will develop adequate spirit- 
ual or social resources for coping with 
the possibilities of inhuman uses of 
modern technical results. Heie I need 
point out only the two main misun- 
derstandings implied in this recurrent 
call for a moratorium. 

First, science of course is not an oc- 
cupation, such as working in a store or 
on an assembly line, that one may pur- 
sue or abandon at will. For a creative 
scientist, it is not a matter of free 
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choice what he shall do. Indeed u is 
erroneous to think of him as advancing 
toward knowledge; it is, rather, knowl- 
edge which advances towards him, 
grasps him, and overwhelms him. Even 
the most superficial glance at the life 
and work of a Kepler, a Dalton, or a 
Pasteur would clarify this point. It 
would be well if in his education each 
person were shown by example that 
the driving power of creativity h as 
strong and as sacred for the scientist 
as for the artist. 

The second point can be put equally 
briefly. In order to survive and to pro- 
gress, mankind surely cannot ever know 
too much. Salvation can hardly be 
thought of as the reward for ignorance. 
Man has been given his mind in order 
that he may find out where he is, what 
he is, who he is, and how he may as- 
sume the responsibility for himself 
which is the only obliga:<on incurred in 
gaining knowledge. 

Indeed, it may well turn out th. the 
technological advances in warf: >^ have 
brought us to the point where society 
is at last compelled to curb the aggres- 
sions that in the past were condoned 
and even glorified. Organized warfare 
and genocide have been practiced 
throughout recorded history, but never 
until now have even the war lords 
openly expressed fear of war. In the 
search for the causes and prevention 
of aggression among nations, we shall, 
I am convinced, find scientific investi- 
gations to be a main source of under- 
standing. 



Ecologicai Disaster 

A change in the average temperature 
of a pond or in the salinity of an ocean 
may shift the t ^ological balance and 
cause the death of a large number of 
plants and animals. The fifth prevalent 
image of science similariy holds that 
while neither science nor man may be 
inherently evil, the rise of science hap- 
pened, as if by accident, to initiate an 
ecological change that now corrodes 
the only conceivable basis for a stable 
society. In the words of Jacques Mari- 
tain, the "deadly disease" science set off 
in society is "the denial of eternal truth 
and absolute valuer.*' 

The main events leading to this state 
are usually presented as follows. The 
abandonment of geocentric astronomy 
implied the abandonment of the con- 
ception of the earth as the center of 
creation and of nia i as its ultimate pur- 
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pose. Then purposive creation gave 
way to blind evolution. Space, time, 
and certainty were shown to have no 
absolute meaning. All a priori axioms 
were discovered to be merely arbitrary 
conveniences. Modem psychology and 
anthropology led to cultural relativism. 
Truth itself has bee^ dissolved into 
probabilistic and indetenpinistic state- 
ments. Drawing upon analogy with the 
sciences, liberal philosophers h^ve be- 
come increasingly relativistic^ denying 
either the necessity or the possibility of 
postulating immutable verities, and so 
have undermined the old foundations 
of mora! and social authority on which 
a stable society must be built. 

It should be noted in passing that 
many applications of recent scientific 
concepts outside science merely ^veal 
ignorance about science. For example, 
relativism in nonscientific fields is gen- 
erally based on farfetched analogies. 
Relativity theory, of course, does not 
find that truth depends on the point of 
view o: the observer but, on the con- 
trary, reformulates the laws of physics 
so that they hold good for every ob- 
server, no matter how he moves or 
where he stands. Its central meaning 
«i tliat the most valued truths in science 
are wholly independent of the point of 
view. Ignorance of science is also the 
only excuse for adopting rapid changes 
within science as models for antitradi- 
tional attitudes outside science. In real- 
ity, no field of thought is more conserv- 
ative than science. Each change neces- 
sarily encompasses previous knowledge. 
Science grows like a tree, ring by ring. 
Einstein did not prove the work of 
Newton wrong; he provided a larger 
setting witbin which some contradic- 
tions and asymmetries in the earlier 
physics disappeared. 

But the image of science as an eco- 
logical disaster can be subjected to a 
more severe critique (9). Regardless of 
science's part in the corrosion of ab- 
solute values, have those values really 
given us always a safe anchor? A priori 
absolutes abound all over the globe in 
completely contraoictory varieties. Most 
of the horrors of history have been 
carried out under the banner of some 
absolutistic philosophy, from the Aztec 
mass sacrifices to the auto-da-fe of the 
Spanish Inquisition, from the massacre 
of the Huguenots to the Nazi gas cham- 
bers. It is far from clear that ar so- 
ciety of the past did provide a mean- 
ingful and dignified life for more than 
a small fraction of Its members. If, 
therefore, some of the new philoso- 



phies, inspired rightly or wrongly by 
science, point out that absolutes have a 
habit of changing in time and of con- 
tradicting one another, if they invite 
a re-examination of the bases of social 
authority and reject them when those 
bases prove false (as did the Colonists 
in this country), then one must not 
blame a relativistic philosophy for 
bringing out these faults. They were 
there all the time. 

In the search Tor a new and sounder 
basis on which to build a stable world, 
science will 1^* »nd:spensable. We can 
hope to match the resources and struc- 
ture of society to the needs and poten- 
tialities of people only if we know 
more about man. Already science has 
much to say that is valuable and im- 
portant about human relationships and 
problems. From psychiatry to dietetics, 
from immunology to meteorology, from 
city planning to agricultural research, 
by far the largest part of our total sci- 
entific and technical effort today is con- 
cerned, indirectly or directly, with man 
— his needs, relationships, health, and 
comforts. Insofar as absolutes are to 
help guide mankind safely on the long 
and dangerous journey ahead, they 
surely should be at least strong enough 
to stand scrutiny against the back- 
ground of developing factual knowl- 
edge. 

Scientism 

While the last four images implied 
a revulsion from science, scientism ma> 
be described as an addiction to science. 
Among the signs of scientism are the 
habit of dividing all thought into two 
categories, up-to-date scientific knowl- 
edge and nonsense: the view that the 
mathematical sciences and the large 
nuclear laboratory offer the only per- 
missible models for successfully employ- 
ing the mind or organizing effort: and 
the identification of science with tech- 
nology, to which reference was made 
above. 

One main source for this attitude is 
evidently the persuasive success of re- 
cent technical work. Another resides in 
the fact that we are passing through a 
period of revolutionary change in the 
nature of scientific activity— a change 
triggered by the perfecting and dissenv 
inatii:g of the methods of basic research 
by teams of specialists with widely dif- 
ferent training and interests. Twenty 
years ago the typical scientist worked 
alone or with a few students and col- 
leagues. Today he usually belongs to a 
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sizable group working under a contract 
with a substantial annual budget. In the 
research institute of one university 
more than 1500 scientists and techni- 
cians are grouped around a set of mul- 
timillion-dollar machines; the funds 
come from government agencies whose 
ultimate aim is national defense. 

Everywhere the overlapping interests 
of basic research, industry, and the mil- 
itary establishment have been merged 
in a way that satisfies all three. Science 
has thereby become a large-scale oper- 
ation with a potential for immediate 
and world-wide effects. The results are 
a splend*.d increase in knowledge, and 
also side effect: that are analogous 
to those of sudden and rapid urbaniza- 
tion — a strain on communication facil- 
ities, the rise of an administrative bu- 
reaucracy, the depersonalization of 
some human relationships. 

To a large degree, all this is unavoid- 
able. The new scientific revolution will 
justify itself by the flow of new knowl- 
edge and of material benefits that 
will no doubt follow. The danger — 
and this is the point i here scientism 
enters — is that the fascination with the 
mechanism of this successful enterprise 
may change the scientist himself and 
society around him. For example, the 
unorthodox, often withdrawn individ- 
ual, on whom most great scientific ad- 
vances have depended in the past, does 
not fit well into the new system. And 
society wi!l be increasingly faced with 
the seductive urging of scientism to 
adopt generally what is regarded — of- 
ten erroneously — as the pattern of or- 
ganization of the new science. 1 le 
crash program, the breakthrough pur- 
suit, the megaton effect are becoming 
ruling ideas in complex fields such as 
education, where they may not be ap- 
plicable. 



Magic 

Few nonscientists would suspect a 
hoax if it were suddenly announced 
that a stable chemical element lighter 
than hydrogen had been s\nthesizcd, 
or that a manned observation platform 
had been established at the surface of 
the sun. To most people it appears that 
science knows no inherent limitations. 
Thus, the seventh image depicts science 
as magic, and the scientist as wizard, 
(hus e.x machma, or oracle. The atii- 
tude toward the scientist on this plane 
ranges from terror to sentimental sub- 
servience, depending on what motives 
one ascribes to him. 
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Impotence of the 
Modern Intellectual 

The prevalence of these false images 
is a main source of the alienation be- 
tween the scientific and nonscientific 
elements in our culture, and therefore 
the failure of image is impori..nt busi- 
ness *^or all of us. Now to pin much of 
the blame on the insufficient instruction 
in science which the general student re- 
ceives at all level?, is quite justifiable. 
I have implied the need, and most peo- 
ple nowadays seem to come to this con- 
clusion anyway. But this is not enough. 
We must consider the full implications 
of the discovery that not only the man 
in the street but almost all of our intel- 
lectual leaders today know at most very 
little about science. And here we come 
to the central point underlying the anal- 
ysis made above: the chilling realiza- 
tion that our intellectuals, for the first 
time in history, are losing their hold of 
understanding upon the world. 

The wrong images would be impos- 
sible were they not anchored in two 
kinds of ignorance. One kind is igno- 
rance on the basic level. thi»t of facts — 
what biology says about life, what 
chemistry and physics say about mat- 
ter, what astronomy says about the de- 
velopment and structure of our galaxy, 
and so forth. The nonscientist realizes 
that the old common-sense foundations 
of thought about the world of nature 
have become obsolete during the last 
two generations. The ground is trem- 
bling under his feet: the simple inter- 
pretations of solidity, per^nanence, and 
reality have been washed away, and he 
is plunged into the /iightmarish ocean 
of four-dimcnsional continua, proba- 
bility amplitudes, indeterminacies. and 
so forth. He knous only two things 
about the basic conceptions of modcni 
science: that he does not understand 
them, and that he is now so far sepa- 
rated from them th;it he will never fimi 
out what they mean. 

On the second level of ignorance, ihc 
contemporary inteiiecturxl knows just as 
little of the way in which the main 
facts from the difTeren; sciences fit to- 
gether in a picture of the world taken 
as a whole. He has had to leave behind 
him. one by one, those great syntheses 
which used to represent our intellectual 
and moral home — the world view of 
the book of Genesis, of Homer, of 
Dante, of Milton, of Goethe. In the 
mid-20th century he finds hin.aelf aban- 
doned in a universe which is to him 
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tual or the philos-^nhi-*- ic . !1 

the bid effects of 

culture and scientific K:»vW^;j-.. thi.^ 
feeling of bewilderment r.ni; . -.I*, 
homelessness is the most territyiu^. 
Here is the reason, it seems to me. (V)' 
the ineffectiveness and self-o'enigralion 
of our contemporary intelle ' 's. No^ 
are the scientists themselves protected 
from this fate, for it has always beer., 
and must al* vs be, the job of the 
humanist to construct and disseminate 
the meaningful total picture of the 
world. 

To illustrate this point concretely we 
may examine a widely and properly 
respected work by a scholar wh'^ warm- 
ly understands both the science and the 
philosophy of the 16th and 17th cen- 
turies. The reader is carried along by 
his authority ar;d enthusiasm. And then, 
suddenly, one encounters a passage un- 
like any other in the book, an an- 
guished cry from the heart (10): "It 
was of the greatest consequence for 
succeeding thought that now the great 
Newton s authority was squai Ay be- 
hind that view of the cosmos Which 
saw in man a puny, irrelevant spectator 
(so far as a being, wholly imprisoned 
in a dark room, can be called such) of 
the vast mathematical system whose 
regular motions according to mechani- 
cal principles constituted the world of 
nature. The gloriously romantic uni- 
verse of Dante and Milton, that set ro 
bounds to the imagination of man as it 
played uver space and time, had now 
been swept away, Snace was identified 
with the realm of geometry, time with 
the continuity of number. The world 
that people had thought themselves 
living in — a world rich with colour and 
sound, redolent with fragrance, filled 
with gladness, love and beauty, .speak- 
ing everywhere of purposive harmony 
and creative ideals — was crowded now 
into minute corners in the brains of scat- 
tered organic beings. The really im 
portant world outside was a world 
hard, cold, colorless, silent, and dead; 
a world of quantity, a world of mathe- 
matically computable motions in me- 
chanical regular!.^ . The world of qual- 
ities as immediately perceived by man 
became just a curious and quite minor 
effect of that infinite machine beyond. 
In Newton, the Cartesian metaphysics, 
ambiguously interpreted and stripped 
of its distinctive claim for serious phil- 
osophical consideration, finally over- 
threw Aristoteliani<>m and became the 
predominant world-view of modern 
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universe of Dante and Milton so pow- 
erful and "gloriously romantic" precise- 
ly because it incorporated, and thereby 
rendered meaningful, the contemporary 
scientific cosmology alongside the cur- 
rent moral and esthetic conceptions? 
Leaving aside the question of whether 
Dante's and Milton's contemporaries, 
by and large, were really living in a 
rich and fragrant world of gladness, 
love, and beauty, it is fair to speculate 
that if our new cosmos is felt to be 
cold, inglorious, and unromantic, it is 
not the new cosmology which is at 
fault but the absence of new Dantes 
and Miltons. 

And yet, Burtt correctly reflects the 
present dilemma. What his outburst 
tells us, in starkest and simplest foim, 
is this: By having let the intellectual 
remain in terrified ignorance of mod- 
ern science, we have forced him into a 
position of tragic impotence; he is 
blindfold in a maze which he cannot 
traverse. 

Once this is understood, the conse- 
quence also becomes plain. I find it 
remarkable that the intellectual today 
does not have even more distorted im- 
ages and hostile responses with regard 
to science, that he has so far not turned 
much more fiercely against the source 
of apparent threats to his personal posi- 
tion and sanity (//) — in short, that the 
dissociation has not resulted in an even 
more severe cultural psychosis. 

But this, I am convinced, is likely to 
be the result, for there is at present no 
countercyclical mechanism at work. 
Some other emergencies of a similar or 
related nature have been recognized 
and are being dealt with: We need 
more good scientists, and they are now 
being produced in greater number^; we 
need more support for studies in hu- 
manities •>d social science, and the 
base of support is growing gratifyingly. 
We sorely need to give our yoMng sci- 
entists more broad humanistic studies 
— and It 1 have not dwelled on this it 
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is because, in principle, this can be 
done with existing programs and facil- 
ities; for the existing tools of study in 
the hv.manities, unlike the tools in sci- 
ence, are still in touch with our ordi- 
nary sensibilities. But hardly anything 
being done or planned now is adequate 
to deal with the far more serious prob- 
lem, the cultural psychosis engendered 
by the separation of science and 
culture. 

One may of course speculate as to 
how one could make science again a 
part of every intelligent man's educa- 
tional equipment — not because science 
is more important than other fields, but 
because it is an important part of the 
whole jigsaw puzzle of knowledge. A 
plausible program would include sound 
and thorough work at every level of 
education — imaginative new programs 
aiiu curricula; strengthened standards 
of achievement; extension of college 
work in science to comprise perhaps 
one-third of the total number of courses 
taken by the nonscience student, as 
used to be the rule in good colleges 
some 50 years ago; greater recognition 
of excellence; expansion of opportunity 
for adult education, including the pres- 
entation of factual and cultural aspects 
of science through the mass media. But 
while some efforts are being made here 
and there, few people have faced the 
real magnitude of the problem, aware 
of 'he large range and amount of sci- 
entific knowledge that is needed before 
one can "know science" in any sense 



at all. Moreover, while some time lag 
between new discoveries and their wid- 
er dissemination has always existed, the 
increase in degree of abstraction, and 
in tempo, of present-day science, com- 
ir^g precisely at a ti^ne of inadequate 
educational effort even by old stand- 
ards, has begun lo change the lag into 
a discontinuity. 

This lapse, it must be repeated, is 
not the fault of the ordinary citizen; 
necessarily, he can only take his cue 
from the intellectuals — the scholars, 
writers, and teachers who deal profes- 
sionally in ideas. It is among the latter 
that the crucial need lies. Every great 
age has been shaped by intellectuals of 
the stamp of Hobbes, Locke, Berkeley, 
Leibnitz, Voltaire, Montesquieu, Rous- 
seau, Kant, Jefferson, and Franklin — 
all of whom would have been horri- 
fied by the proposition that cultivated 
men and women could dispense with a 
good grasp of the scientific aspect of 
the contemporary world picture. This 
tradition is broken; very few intellectu- 
als are now able to act as informed 
mediators. Meanwhile, as science moves 
every day faster and further from the 
bases of ordinary understanding, the 
gulf grows, and any remedial action 
becomes more difficult and more un- 
likely. 

To restore science to reciprocal con- 
tact with the concerns of most men — 
to bring science into an orbit about us 
instead of letting it escape from our 
intellectual tradition — that is the great 



challenge that intellectuals face today. 
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Like all people with some scientific 
training, I suffer from feelings of unease 
when attempting to deal with the actions, 
and especially the attitudes, of people. 
For one thing, I do not have at my 
command the sampling and interview 
techniques wielded with so much aplomb 
by my colleagues in the social sciences. 
Fortunately for my own piece of mind, 
!ny scientific trnini.ng w;^.s accompnn^^*d 
y enough exposure to the art of medi- 



cine so that I retain considerable respect 
for clinical intuition and judgment. This 
discussion relies much more on these 
elusive instruments than it does on quan- 
titative scientific analysis. 

As a matter of fact, it puts no great 
strain on one's clinical intuition lo ob- 
serve that large numbers of people in 
various parts of the world — including, 
perhaps most significantly, iLe advanced 
parts — are less happy about science and 



technology than they once were. The 
evidence is of various kinds. Perhaps 
the most quantitative is provided in the 
United States by the relative decline in 
students entering the sciences and the 
scientifically based professions. In some 
instances, such as engineering, the num- 
bers have fallen absolutely in the face of 
a steady increase in the total number of 
potential students in each age class. Even 
more quantitative, and certainly more 
compelling to the individual scientist, is 
the evidence provided by the slowdown 
in appropriations for science. Third, one 
may cite the intuitions and reflections of 
thoughtful social clinicians like Rene 

The author is director of the division of 
biological sciences, Cornell University, Ithaca, 
New York. Thh article is adapted from an 
address presented at a conference on '*Socnce 
and the Future," held in Boulder, Colorado, from 
n to 19 April under the joint sponsorship of 
the British Association for the Advancement of 
Science and the AAAS. 
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Dubos (i), who has so courageously 
summarized the shortcomings of scien* 
tific approaches to human problems. 
True enough, he finally draws ihe con- 
clusion that what we need is not less 
science but more. Nevertheless, the argu- 
ment depends on a careful demonstra- 
tion that science raises new problems of 
increasing complexity as it continues to 
solve the older and simpkr ones. 

Eariler Attitudes toward Science 

Before going on to a discussion of the 
possible reasons for a decline in public 
regard, we should pause to remind our- 
selves that the change may not be so 
large or so profound as we might sup- 
pose. It is not very clear that there ever 
was a time when a substantial part of 
the population really understood science, 
cared much about the kind of knowl- 
edge it produces, or thought much about 
its ultimate effects. Improvements in 
technology were welcomed because of 
the increased production of what were 
generally regarded as good things at less 
cost in human effort. On the other hand, 
the reduction in human labor was soon 
recognized to have a negative side. In 
the first place, as the Luddites saw very 
early, it tended to throw men out of 
work, at least temporarily. What was 
even worse from the psychological point 
of view, the machine tended to change 
the status of skills which had been ac- 
quired with much effort over long peri- 
ods of years. Nevertheless, on balance, 
the industrialization of production both 
on the farm and in the factory has been 
regarded by most people as a net good; 
for, it must be remembered, even at the 
height of the Medieval and Renaissance 
periods, skilled craftsmen constituted on- 
ly a very small portion of society. The 
great bulk of mankind labored in the 
most unimaginative and unrewarding 
way as farmhands with a status little 
better than that of serfs. Somewhat later 
than the general recognition of techno- 
logical improvements in production 
came an even greater appreciation for 
the contributions of science to medi- 
cine and public health. 

Most men probably never did take 
much interest in what might be called 
the philosophical aspects of science. Few 
really read Condorcet or the other En- 
cyclopedists, and it is doubtful that any 
but a small handful of. intellectuals ever 
thought that science would provide a 
way of life free of undue aggressions, 
O lety, loneliness, and guilt. Perhaps 
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the Communist Party is the only large 
social organization that has ever serious- 
ly believed that man himself may be im- 
proved through improving his material 
circumstances. Among Christians, as 
among adherents of many other reli- 
gious faiths, there has always been a 
substantial body of opinion which holds 
that the reverse is true and that ma- 
terial prosperity has, in fact, an adverse 
effect on the human soul. 

The progress of science undoubtedly 
has had some effect in reducing the gross- 
er forms of superstition. One supposes, 
lor example, that must men are in some 
sense grateful for being less afraid of 
thunder and lightning than man used to 
be. But, here again, it is doubtful that 
the scientific way of looking at the world 
has ever completely displaced older, 
more magical approaches to the deep 
questions. It does not appear that Presi- 
dent Nixon, when making up his mind 
whether or not to deploy the ABM sys- 
tem, consulted an astrologer, but it is 
not unknown for heads of states in 
other parts of the world to do so, and 
most of our metropolitan daily news- 
papers maintain an astrology column as 
well as the more sophisticated services 
of Ann Landers. Indeed, it is estimated 
that there are 10,000 professional astrol- 
ogers but only 2000 astronomers in the 
United States (2). 

Putting aside the grosser forms of su- 
perstition and turning to better-developed 
and better-thought-out ways of looking 
at tlie world, I would hazard a guess 
that the metaphysical outlook of most 
people, even in the United States, is 
more influenced by Plato and Aristotle 
than by Galileo and Hume. Indeed, it 
might be interesting for a graduate stu- 
dent in intellectual history to survey this 
very question. For example, do you sup- 
pose the majority of Americans would 
consider the following statements to be 
true or false? "Other things being equal, 
heavy bodies fall faster than light ones." 
"Metals feel cold to the touch becausv 
that is their nature." "Justice and honesty 
are real things and part of the divine 
plan of the universe; men try to estab- 
lish justice through the machinery of the 
law and the courts, but their efforts will 
always fall short of the higher ideal of 
justice as it exists in the divine plan.** 

Coming down out of the clouds, we 
might ask ourselves how many people 
ever really got much fun out of studying 
mathematics and physics in high school? 
How many felt pleased to discover that 
a fiction pump doesn't really suck 
water, but merely creates a potential 
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space into which the water is pushed by 
atmospheric pressure? If one looks back 
40 or SO years, one seems to remember 
that rather less than the majority of 
one's classmates really enjoyed physics 
and chemistry and the kind of picture 
they give of the world. Perhaps a some- 
what larger number found satisfaction in 
biology, with its greater emphasis on im- 
mediate experience and the pleasure one 
gets from contemplating nature's wide 
variety rather than its unifying me- 
chanics. 

World War II called a great deal of 
attention to science and made many 
people grateful for its role in enabling 
England and its allies to maintain the 
integrity of the free world. Along with 
the extraordinary buildup of military 
technology came a veiy great increase in 
biological knowledge of a kind which 
could be applied to medicine and pub- 
lic health, and to agriculture. 

The press shoved increasing interest 
in reporting scientific events, and the 
quality of scientific reporting has greatly 
improved in the quarter century since 
the war. Most significantly, a grateful 
and more understanding public provided 
vastly increased financial support for 
wha^ the scientist wanted to do. 

On the scientist's side there was a 
burgeoning of interest in making science 
more accessible to the general public. 
Most noteworthy in this movement, at 
least in the United States, was the effort 
of outstanding university scientists to 
improve the presentation of science to 
students in elementary and secondary 
schools. There is little doubt that this 
effort has greatly improved preparation 
for college in all branches of science. 
Ihe generous men who initiated the 
program hoped for something more, for 
they felt that, if the story could only be 
presented properly, anyone of average 
intelligence would share the pleasure of 
the most able scientist in discovering the 
orderly arrangement of the natural 
world. Nothing could be more admirable 
than f e dedication and self-sacrifice of 
men like Zacharias and the late Francis 
Friedman, and nothing more charming 
in its humility than then* apparent belief 
that almost everyone is potentially just 
as bright as they themselves. Unhappily, 
it has not turned out as they hoped. 
Elegant though the Physical Science 
Study Committee Physics Course un- 
doubtedly is, it has not proved much 
more successful than any other method 
in making physics attractive to secondary 
school students. 

Nevertheless, on balance, public in- 
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terest in science became greater after the 
war than it had been before, and it was 
further stimulated by the orbiting of 
Sputnik. It is very difiScnIt to say how 
much of this interest was due to com* 
petition for ever more sophisticated 
weapons, how much to a pure cultural 
rivalry which puts the moon race into 
the same category as an Olympic track 
meet, and how much to the age-old wish 
to cast off the shackles which bind us to 
a single planet. However one apportions 
the credit among these three factors, it 
seems reasonably clear that an apprecia- 
tion for basic science, as the scientists 
understand science, played a relatively 
small role. 



Reasons for the Change of Mood 

The decade of the 1960*s has certainly 
seen a slackening in public approval of 
science. Is this change simply a return 
to the earlier, more or less normal state 
of ignorance and indifference, or are we 
witnessing an actively hostile movement? 
In either case it may do us all good 
to try to identify some of the more 
important reasons for the change of 
mood. 

1) Science is identified the public 
mind largely with the manipulation of 
the material world. It is becoming clearer 
and clearer that the mere capacity to 
manipulate the world does not insure 
that it will be manipulated for the net 
benefit of mankind. Nowhere is this 
rrorc obvious, perhaps, than in the mat- 
ter of national defense. As pointed out 
above, the generation that knew at least 
one of the great world wars is grateful 
to the scientist for having fashioned the 
means of victory over a grave threat to 
a free world. The oncoming generation 
views the situation in quite a different 
way. To them the obvious alliance be- 
tween the scientific community and the 
military is an evil thing, far from making 
the world more secure, it has produced 
an uneasy balance of terror, with the 
weight so great on both sides that any 
slight shift may lead to unimaginable 
catastrophe. 

It seems undeniable that those of us 
who have grown up with this situation 
have also grown somewhat callous to the 
fact that such a high percentage of sup- 
port for university science comes from 
military sources. Wc tend to remember, 
forexar jle, the marvclously enlightened 
policy of the Office of Naval Research, 
which did so much to foster pure science 
O >vhile the Congress continued to dn/ate 



the desirability of a National Science 
Foundation. Those who come upon the 
situation for the first time, however, see 
almost nothing but a conspiracy be- 
tween some of the best brains of the 
country and the unenlightened military. 
In any case, it must be admitted that 
science and technology appear to con- 
tribute disproportionately to the more 
fiendish aspects of an evil business — the 
defoliation of rice fields, the burning of 
children with napalm, and the invention 
of new and more devastating plagues. 

2) Until fairly recently, the contribu- 
tions of science and technology to in- 
creased production both in industry and 
in agriculture have been generally re- 
garded as on ihe plus side. Even here, 
however, doubts are beginning to arise. 
Much of the increased production comes 
at the cost of a rapid exhaustion of 
natural resources and the increasing con- 
tamination of what is left of c'»r natural 
environment. Nor is it clear that all of 
the goods and services produced really 
do a great deal to increase the sum total 
of human happiness. Indeed, it can be 
sho^vn that the modem aflHuent con- 
sumer is, in a sense, a victim of synthetic 
desires which are created rather than 
satisfied by increased production (J). 
On the other hand, a substantial per- 
centage of the population remains with- 
out even the bare essentials of life. Rapid 
increases in agricultural production have 
pretty well abolished famine in the ad- 
vanced countries of the world, but the 
revolution in rural life has benefited 
only a few of the most successful farm- 
ers. The rest are clearly worse off than 
they were before; and, indeed, the large 
majority of them are hastening into the 
cities, where they create problems which 
have so far proved insoluble. Further- 
more, the advanced technologies which 
make the increased production possible 
are now found to be doing as much 
harm to the environment as the more 
long-standing and better recognized in- 
dustrial pollutions. 

3) Surely everyone can agree that 
science has done wonderful things for 
the improvement of health. But, even 
here, uncomfortable questions are being 
asked. Have our best doctors become 
so preoccupied with the wonders of their 
technology that tiiey have become in- 
different to the plight of large numbers 
of people who suffer from conditions 
just as fatal but much less interesting? 
Even the most earnest advocates of in- 
creased research in heart disease, cancer, 
and stroke must be a little bit embar- 
rassed by the fact that the United States, 



which used to be a world leader in re- 
ducing infant mortality rates, has now 
fallen to 15th place. 

4) it is not only the maldistribution 
of resources that concerns the general 
public; they are becoming increasingly 
uneasy about the moral and ethical im- 
plications of advances in biological 
science. In many respects these advances 
seem to threaten the individual's com- 
mand over his own life. 

Actually, of course, the individual 
never did have as much control over his 
own life as he felt he had. Science may 
have simply made his own impotence 
clear to him by showing how human 
behavior is molded by genetic and en- 
vironmental influences. Like everything 
else, it seems, human behavior is deter- 
mined quite precisely by a long train of 
preceding events, and the concept of free 
uill has become more difficult to defend 
than ever. 

Perhaps more immediately threaten- 
ing is the fact that science puts power 
to control one's behavior in the hands of 
other people. Intelligence and personal- 
ity tests place a label on one's capacity 
which is T^sed from then on by those 
who make decisions affecting one's edu- 
cational and employment opportunities. 
New methods of conditioning and teach- 
ing threaten to shape one's behavior in 
ways which someone else decides are 
good. Drugs of many kinds are available 
for changing one's mood or outlook on 
life, for reducing or increasing aggres- 
sive behavior, and so on. So far, these 
drugs are usually given with the cooper- 
ation of the individual himself, excwpt in 
cases where severely deviant behavior is 
involved, but the potential for mass con- 
trol is there. Indeed, there is already 
serious discussion about the ineffective- 
ness of family planning as a means of 
controlling the world's population, and 
suggestions are made for introduction, 
into food or water supplies, of drugs 
that will reduce fertility on a mass basis. 

As if these assaults on individuality 
were not enough, some biologists are 
proposing to reproduce standard human 
beings, not by the usual complicated and 
uncertain methods involving genetic re- 
combination, but by vegetative cloning 
from stocks of sor.iatic cells. In the face 
of all this, can we blame the great ma- 
jority of ordinary men for feeling that 
science is not greatly interested in hu- 
man individuality and freedom? 

5) Science is not as much fun as it 
used to be, even for its most devoted 
practitioners. The point here is that sci- 
ence encounters more anu more difficul- 
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ty in providing a satisfyingly coherent 
and unified picture of the world. The 
flow of pure scientific data is now so 
prodigious that no one can keep up with 
more than a small fraction of it. Al- 
though most of us still retain some sort 
of faith that the universe, with all its 
infinite variety of detail> can in some 
way be reduced to a relatively simple 
set of differential equations, most of us 
recognize that this goal is, in practice, 
receding from us with something like 
the speed of light That simple set of 
physical and chemical principles on 
which the older generation grew up is 
now turning out to be not very simple 
at all, and the relation between these 
simple principles and the complex events 
of biolo[,y are not nearly so clear as 
they were when Starling enunciated his 
"law of the heart" 

Although it is probably too easy to 
exaggerate the degree to which the 
progress of science results in the frag- 
mentation of knowledge, the beginning 
student in the sciences finds a great deal 
of difficulty in relating his courses in 
chemistry, physics, and biology to one 
another. Even within a single discipline, 
he feels overwhelmed and frustrated by 
the number of apparently isolated facts 
that he has to learn. 

6) Closely related to the foregoing 
thoughts on the growing complexity of 
science and the decline in the intellec- 
tual satisfaction generally derived from 
it is the question of student attitudes, 
for most of us make our first serious 
acquaintance with science as students. 

My overall impression, in returning 
to a university after a lapse of 20 years, 
is one of disappointment that so few 
students seem to have very much fun 
either in their science courses specifically 
or in university life in general. This lack 
of pleasure is certainly more striking in 
the first 2 years, when the student is ad- 
justing to a totally new social environ- 
ment and devoting his attention to build- 
ing the groundwork for later, more ex- 
citing studies. But I keep asking myself 
why these first 2 years of foundation- 
laying have to be so unsatisfying. 

In the fir*^; place, I have come to be- 
lieve that '^^e discourage many students 
by expec ing too much of them. We 
want them all to learn at a rate deter- 
mined by the best This can only mean 
that all but the best feel themselves to 
be dying of a surfeit rather than enjoy- 
ing a marvelous meal. I am also coming 
sadly to the conclusion that no matter 
how the subject is presented, a substan- 

1 number of college-level students 
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have relatively little interest in the facts 
of science and lack the capacity to find 
pleasure in its generalizations. Whether 
the failure is primarily intellectual, in the 
sense that students simply have difficulty 
in understanding the nature of the gen- 
eralisation, or whether it is emotional 
and esthetic, in that they derive little 
pleasure from the generalization once it 
is understood, is not easy to determine. 
In either case, the prospect of unifvine 
the conununity around a common un- 
derstanding of science seems relatively 
remote. 

An article by Richard N. Goodwin in 
the New Yorker, entitled •*Reftectiofis — 
sources of the public unhappiness" {4) 
puts some of the difficulties of science 
into a larger perspective. It provides a 
brilliant analysis of the unhappiness not 
only of our obviously dissident left-wing 
youth but of the many members of the 
forgotten middle class who, during the 
last election, swung rather wildly be- 
tween George Wallace and Eugene Mc- 
Carthy. Goodwin discusses this phenom- 
enon in terms of the traditional Jeffer- 
son-Hamilton model and comes to the 
conclusion that a great mmy Americans 
feel that they have lost control of cer- 
tain crucial factors in their life styles. 
Although I am far from being as con- 
vinced as Goodwin is that it will be pos- 
sible to return a large portion of our 
decision-making to states and local com- 
munities, I agree with much of his anal- 
ysis of the underlying problem. He is 
particularly convincing, for example, 
when he shows how Secretary Mc- 
Namara, in his apparent efforts to ra- 
tionalize the Department of Defense and 
bring the military more closely under 
civilian control, actually succeeded in 
constructing a Frankenstein monster 
which began to control him, as **when 
he was compelled against his own judg- 
ment to go ahead with an anti-ballistic 
missile system." 

For our purposes, the key word here 
is **rationalize." Our rationalized systems 
do, indeed, se*^m to have developed the 
capacity to live lives of then own, so 
that mere men arc compelled, against 
their will, to follow where the logical 
process leads. As we saw above, the 
medical profession is following in the 
footsteps of its dynamic research pro- 
gram and undertakes to perform heart 
transplants, at great expense, largely be- 
cause it has found out how to do them. 
In the same way, we devote several bil- 
lions of dollars each year in going to 
the moon, because it is there (and, 
again, because we know how to do it). 
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Everyone who has done much science 
on his own knows that the next step he 
takes is determined in large part by the 
steps that have gone before. It follows 
that the progress of pure science, at 
least, is determined by the internal dy- 
namics of the process and by the open- 
ing up of new leads rather than by pub- 
lic demand to meet new needs. The 
practical applications to human welfare, 
when looked at in this philosophical 
framework, become accidental bits of 
fallout, as the nuclear bomb itself "fell 
out" from the in.iocent effort of J. J. 
Thompson, Rutherford, Bohr, Fermi, 
and others to understand the nature of 
matter. No doubt all these men felt com- 
pletely in command of their own re- 
search programs, but the public does not 
look at it this way, and, in a curious 
sense, the public may be more right than 
the scientists. This line of thought brings 
us to point 7 in our bill of indictment. 

7) The continuing momentum of sci- 
ence tov^'prd goals of its own choosing 
appear^ , be coupled ever less closely 
to solving problems of clear and press- 
ing consequence to human welfare. As 
we now see, enlightened congressmen 
and senators, well aware of the power 
of the scientific method but skeptical of 
its capacity to guide itself automatically 
to the points of greatest human concern, 
arc making explicit legislative attempts 
to mobilize science to solve the problems 
of the pollution of our environment and 
the crime in our cities, if not, indeed, 
the unsatisfactory nature of our life in 
general. Realizing that nuclear physics 
is not very closely coupled to these mat- 
ters, they are turning to social science 
in the liope that there is a group of 
scientists who can do for society what 
the physicists have done for the natural 
world. 



Skepticism about Rational Systems 

Skepticism about rational systems is, 
of course, not confined to science. In- 
deed, it well may be that the antipathy 
10 science is merely a bit of fallout from 
the growing antipathy to rational systems 
in general (5). The movement has been 
a long time in the making. Lionel Tril- 
ling (6), for example, traces much of 
the despair, the irrationality, and the in- 
creasing devotion to the absurd of much 
modern literature to Dostoevski's Letters 
from the Underworld, in which, you will 
remember, the protagonist, in hi:> violent 
diatribes against the existing order, con- 
centrates his hatred on those **gentiu- 
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men" who believe that 2 and 2 mak« 4. 
What is even more frightening for our 
own time is the way the same anti-hero 
reassures himself his own individual 
freedom by affirming his ability to choose 
the more evil of two options (7). 

We, who have grown up rejoicing in 
science, were confident in our acceptance 
of Sir Francis Bacon's aphorism that we 
cannot command nature except by obey- 
ing her (8), We really did not mind 
obeying as long as we knew that we 
would ultimately command. But now the 
empirical evidence may be turning to 
support those who feel that science is in 
some sense in the grip of natural forces 
which it does not command Too often 
we conjure up genies who produce short- 
term benefits at the risk of much larger 
long-term losses. We develop marvelous 
individual transport systems which poi- 
son the air we breathe; learn how to 
make paper very cheaply at the cost of 
ruining our rivers; and fabricate weapons 
that determine our defense strategy and 
foreign policy rather than being deter- 
mined by them. Above all, the applica- 
tions of science have produced an unre- 
stricted increase in the human popula- 
tion which we recognize as fatal to our 
welfare but have only the vaguest idea 
how to control. In a short time we will 
b** able to design the genetic structure of 
a good man. There is some uncertainty 
about the exact date, but no doubt that 
it will come before we have defined what 
a good man is. 

In the foregoing analysis, in an effort 
to obtain intellectual respectability I have 
painstakingly tried to break our problem 
down into a series of numbered sub- 
headings. Actually, they all add up to 
the same thing: Although the general 
public is grateful to science for some of 
its more tangible benefits, it is increas- 
ingly skeptical and even frightened about 
its long-term results. The anxiety cen- 
ters on the concept of science as the 
prototype — the most magnificent and 
most frightening example of the rational 
systems which men make to control their 
environment and which finally end by 
controlling them. It may be well to re- 
call that the medieval structure of 
natural law was even more rational than 
science, in the sense that it depended on 
the mind alone without submitting its 
conclusions to empirical checks. It man- 
aged for a time to obtain even greater 
control than science has over both the 
bodies and (especially) the spirits of the 
people of the Western world. It, too, 
developed an interesting life of its own 
as it followed the paths of reason into 



ever more subtle areas. It failed, for a 
number of reasons, but primarily, per- 
haps, because neither the logic-chopping 
of the medieval philosophers nor the 
temporal power of the papacy which it 
was designed to support appeared to be 
sufficiently related to the longings of 
individual human beings. The Reforma- 
tion, for all the complexity of its theol- 
ogy and, often, the brutality of its 
methods, was primarily an effort to as- 
sert the rights of the individual con- 
scK*^nce over the medieval power struc- 
ture. 

A mtershed? 

I am not really sure that we stand on 
the kind of watershed Luther stood on 
when he nailed his theses to the door 
of the cathedral, but we may make a 
serious mistake if we do not at least en- 
tertain that possibility. If we fail to 
recognize the average man's need to be- 
lieve that he has some reasonable com- 
mand over his own life, he is simply 
going to give up supporting those syste- 
matic elements in society which he sees 
as depriving him of this ability.. 

As I noted above, so perceptive a 
critic as Lionel Trilling traces much of 
modem literature and art to a long- 
standing revolt of sensitive and creative 
men against the systematic constraints 
of society. The New Left can be re- 
garded as a politization of the same 
trend. Actually, of course, anarchy had 
a political as well as a purely intellectual 
existence when Dostoevski was writing, 
but the 19th-century political anarchists 
were effectively liquidated by the Marx- 
ists, who felt that they had a better idea. 
Now that Marxist communism has de- 
veloped most of the ills of bourgeois in- 
dustrial society plus its own especially 
repressive form of bureaucracy, anarch- 
ism is again put forward as an attractive 
alternative to organized, corrupt societies. 

There is a difference, however, in the 
way 19- and 20th-century anarchists re- 
gard science. On the whole, the 19th- 
centurj' ones were atheists and saw re- 
ligion as the co-conspirator with gov- 
ernment and business. Science tended 
to be favored, partly because of its 
contributions to man's material welfare, 
but perhaps even more because of its 
aid in debunking religion. 

Two paragraphs from Mikhail Baku- 
nin are worth quoting, partly because of 
the flavor of the rhetoric (9). 

[The churches] have never neglected to 
organize themselves into great corpora- 



tions ... the action of the good God 
... has ended at last always and every- 
where In founding the prosperous ma- 
terialism of the few over the fanatical 
and constantly famishing idealism of the 
masses. 

The libtjrty of man consists only In 
this: that he obeys natural laws because 
he has himself recognized them as such, 
and not btcause they have been external- 
ly imposed upon him by any extrinsic will 
whatever, human or divine, collective or 
individual. 

The New Left certainly agrees with 
Bakunin about the need to destroy the 
existing order, but it tends to see God 
in a different light. In the United States, 
religion has been conscientiously sepa- 
rated from the State for so long that it 
is no longer regarded as part of the ap- 
paratus of repression. Indeed, many 
draft-card burners and other protestors 
against the immorality of the existing 
order are primarily religiously moti- 
vated. On the other hand, science as the 
interpreter of the laws of nature, which 
Bakunin set against the laws of the 
State, has lost its revolutionary char- 
acter and is viewed as a dangerous col- 
laborator of the industrial-military com- 
plex. One of the difficulties may be that 
science has become so complicated that 
the ordinary man no longer believes that 
"hC' himself has recognized them [natural 
laws] as such" but feels that "they have 
been externally imposed upon him." 

Educating the Public 

What, then, can we do to improve the 
image of science as something of human 
scale, understandable and controllable 
by ordinary men? In the first place, we 
will have to continue our efforts toward 
educating the public, both in school and 
outside it, through reporting in our 
newspapers and magazines. Although I 
have given some reasons for believing 
that there are limitations to the capacity 
of much of our population to understand 
and take pleasure in the way science 
understands the natural worid, I stili be- 
lieve that much more can be done to im- 
prove matters than has been done so far. 
As for the formal part of education, I 
propose that we rather deliberately re- 
duce the rate at which students must 
handle the material set before them, so 
that they can master it without feeling 
frustrated and overwhelmed. If we begin 
the process, as is n^w fashionable, in 
the eariy elementary years, continue it 
through college, and carefully design 
things so as to avoid redundancy, stu- 
dents might end up with a much more 



58 



complete understanding than they do 
now. This effort is worth even more 
money and time than have been put into 
it so far. 

As for less formal methods for pre- 
s-^nting science to adults, we should de- 
vise some analogy that would do for 
the general public what agricultural ex- 
tension courses have done for the farm- 
er and his wife. The average successful 
farmer, although he is far from being a 
pure scientist, has an appreciation for 
the way science works. Certainly he un- 
derstands it weU enough to use it in 
his own business and to support agri- 
cultural colleges and the great state uni- 
versities that grew out of them. 

As one who has spent a considerable 
period of his life worrying about medi- 
cine and public health, I am much less 
happy about our efforts to iiJistruct the 
average man in a rational or scientiiSc 
attitude toward the conduct of his own 
life. It has proved ever so much easier 
to persuade the average fanner to plant 
hybrid com than to persuade the aver- 
age man to give up smoking cigarettes. 
We have been almost too successful in 
persuading farmers to put nitrogen on 
their fields, while we continue to fail in 
trying to persaade the average man to 
put minute amounts of fluorine in his 
water supply. Few individual doctors 
seize the opportunity to explain to their 
patients, in even quasi-scientific terms, 
what their illnesses are, and I am ap- 
palled by the bizarre notions of human 
physiology which ai'e entertained by 
some of my best friends. 

Granted that doctors do not have 
enough time to talk to tljeir patients and 
that many doctors really are not very 
scientifically oriented themselves, we 
might think seriously of setting up 
in every city a kind of paramedi- 
cal service designed to teach people 
about their own illnesses. A doctor with 
a patient who is developing coronary in- 
sufficiency, for example, could refer his 
patient not only for an electrocardio- 
gram, a blood-cholesterol, and clotting- 
time determinations but for instruction, 
in a class of cardiacs, on just how the 
heart and circulation work. Such an en- 
terprise might help individual patients 
adjust to their illness more suitably, but 
this is not the real point. Tne aim would 
be to take advantage of an unhappy ac- 
cident in order to increase the Individ- 
ual's motivation to learn something 
about science. Therefore, such clinics 
should be paid for not only by the 
Public Health Service but by the Office 
of Education. 



Second, we must make a major effort 
to bring the course of science, and es* 
F ihUy its technological results, under 
better and more obvious control by in- 
dividual human beings and their repre- 
sentatives. We are, it is true, slowiy 
gearing ourselves to do somethhig about 
pollution of the environment, but the 
overall guidance and control of this ef- 
fort is largely in the hands of part-time 
experts who fly in and out of Washing- 
ton to attend meetings which issue 
prophesies of doom or unsupported re- 
assurances, as the composition of the 
particular panel may dictate. Somehow, 
thinking about the long-term results of 
technology, formulating the options in 
such a way that the public can under- 
stand them, and guiding the course of 
events along the chosen path must be- 
come as exciting and rewarding for the 
best minds as is the present pursuit of 
basic scientific knowledge. Above all, 
the options must be made clearly under- 
standable to the people, and the people 
must feel that they are doing the choos- 
ing. The present method of announcing 
that such-and-such a corporation is 
about to erect a large atomic power 
plant on a certain body of water and 
then engaging in a debate, based on in- 
adequate information, about the effects 
of the heat on the lake or river, the 
degree of radioactive contamination, 
and so on, is totally unsatisfactory. 

The process of educating the public 
should begin much earlier, with discus- 
sion of the need for additional power 
plants and of the probable cost of put- 
ting them here or there, in terms of 
increased power rates on the one hand 
and increased contamination of the en- 
vironment on the other. The public must 
slowly be brought to see that every such 
occasion involves a real "hoice between 
real alternatives, and that the alternatives 
must be balanced against one another. 
Similar considerations apply to the use 
of insecticides. Nobody, as far as I 
know, has seen fit to make any even 
approximate estimates of what our food 
might cost if we were to abandon the 
use of these agents. Similarly, nobody 
has told what it would cost to produce 
high-octane gasoline by means of some 
method other than the addition of 
tetraethyl lead. 

We have been very negligent in de- 
vising ways and means of ensuring that 
the cost of introducing new technologies 
is borne by the people who immediately 
benefit from their use. If anything, the 
trend may be away from emphasis on 
this rel itionship. For example, the in- 



troduction of the cotton picker and of 
modem methods of weed and insect 
control, not to mention the enormous 
subsidies provided by the American tax- 
payer, have made the culture of cotton 
in a few counties in the South and 
Southwest extremely prc&table, so that 
large landholders have become extremely 
wealthy. Presumably, the public a' large 
has benefited by a slight reducion in 
the cost of cotton cloth. On the other 
hand, the social costs of this industnal 
revolution in agriculture have been in- 
calculable; they have been borne pri- 
marily by the large number of Ne^ro 
laborers who have been uprooted and 
transported into the cities, where they 
found themselves ill-prepared to benefit 
from the urban araenities enjoyed by 
their more prosperous fellow citizens. 
The economic costs of supportmg them 
in an alien environment have been borne, 
not by the wealthy southern landowners 
and certainly not by the individuals who 
paid ^ bit less for the cotton cloth, but 
almost entirely by the displaced people 
themselves and by the people who pay 
real estate taxes in a handful of our 
larger cities. 

All these problems are, however, sub- 
ject to some kind of scientific analysis, 
and the options can be placed scienti- 
fically before the public. In preparation 
for this kind of decision making, we 
lould probably overhaul our teaching 
of science, and especially of mathe- 
matics, so as to give the average man 
greater ability to evaluate evidence pre- 
sented in modern scientific form. High 
school courses in statistics, probability, 
and systems analysis are clearly more 
relevant to nodern living than Euclidean 
geometry, and might well replace this 
and other time-honored introductory 
courses in mathematics. 



Role of Science in Military Affairs 

Third, an effort should be made to 
clarify the role of science in military 
affairs. Although most of us who are 
acquainted with the facts know that 
much of the research supported by funds 
from the military services actually con- 
tributes as much to civilian life as to 
military matters, this fact is not known 
to the general public or to the student 
body. Cornell students, for example, are 
disturbed to learn that the largest single 
donor to research at their university is 
the Department of Defense, even though 
one of the university's two laigest re- 
search enterprises is the observatory at 
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Arecibo, whose contributions to pure 
science are of far more consequence 
than anything it has ever contributed to 
the Air Force. If the military uses of 
science occurred as fallout from scienti- 
fic investigations undertaken for peace* 
ful purposes, this would be far better for 
morale than continuation of our present 
course, in which pure science appears 
as the crumbs that fall from the rich 
Pentagon's table. The obvious and ac- 
tually very easy way to accomplish this 
would be to reduce military appropria- 
tions by what, to the military, would be 
a tiny amount and substantially increase 
appropriations for the National Science 
Foundation and the National Institutes 
of Health. Certain civilian agencies, 
such as the Department of Commerce 
and the Department of the Interior, 
should also be supporting far more 
basic and applied research than they 
are now. 

Whether the civilian establishment for 
science should engage in any research 
of milifary consequence is a matter for 
debate, but such debate should be en- 
couraged. Many universities of good 
will long ago decided that secret research 
has no pU :e on a university campus, 
but this does not prevent them from 
doing unclassified work which has a 
clear military bearing, nor does the uni- 
versity ordinarily discourage its faculty 
from serving as consultants on classified 
projects carried out elsewhere. 

There are obvious theoretical and 
practical difficulties confronting any 
other policy. Until now, for example, 
most scientists have felt that the im- 
portance of advancing knowledge over- 
shadowed questions regarding the source 
of support. The control we now have of 
malaria is a net gain, regardless of the 
fact that from the discovery of the 
malarial parasite in North Africa to the 
development of control methods by the 



American Army during Worid War II, 
research on malaria was often carried on 
by military personnel. 

Furthermore, it is cleariy important 
that we have, as consultants to tlie 
military, civilian scientists who learn the 
details of proposed weapons systems so 
that they can make an appropriate case 
against, as well as for, deployment of 
these systems. 

Finally, as long as we feel ourselves 
threatened by the scientific and military 
establishments of other nations, it is 
with some difficulty thattnost of us who 
have special skills, gained largely through 
contributions from the American public, 
can refuse to use those skills for the 
defense of that same public. This last 
issue is becoming a rather knotty one, 
however, since we may have reached a 
point at which war is so disastrous for 
both sides that there is simpty no point 
in undertaking the exercise at all. 



Conclusion 

The most important lesson for the 
scientific community would appear to be 
one that can be stated as follows. Sci- 
ence can no longer be content to present 
itself as an activity independent of the 
rest of society, governed by its own 
rules and directed by the inner dyna- 
mics of its own processes. Too many of 
these processes have effects which, 
though beneficial in many respects* often 
strike the average man as a threat to 
his individual autonomy. Too often sci- 
ence seems to be thrusting society as a 
whole in directions which it does not 
fully understand and which it has 
certainly not chosen. 

The scientific community must re- 
double its efforts to present science — in 
the classroom, in the public press, and 
through education-extension activities of 



various kinds — as a fully understandable 
process, "justifiable to man,*" and con- 
trollable by him. Scientists should also 
take more responsibility for foreseeing 
and explaining the long-term effects of 
new applications of scientific knowledge. 
A promising procedure for planning the 
control of such effects is presentation of 
the probable outcomes of various avail- 
able options so that choices can be made 
by the public and their representatives. 
Costs and benefits must be estimated not 
only in quantitative, dollar terms but, 
increasingly, in terms of qualitative tcnd 
esthst^c judgments. Thus ends the com- 
fortable isolation of science from the 
ordinary concerns of men as a 'Value- 
free" activity. 
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It is an honor and a pleasure to be 
asked to give the Phi Beta Kappa lectute 
to the American Association for the Ad- 
vancement of Science, and after nearly a 
century and a half of a remarkable tradi- 
tion in both America and England, it is a 
good opportunity to take stock. Here in 
Denver, representatives of the scientific 
profession, the media, and the enlight- 
ened citizenry of the town meet in an at- 
mosphere if not of complacency, at least 
one that shows a tendency towar^ mu- 
tual admiration. We are the heirs of a 
very worthy 'radition. which in England 
goes back some 146 years to 1831. when 
the British Association for the Advance- 
ment of Science held its first meeting in 
York, and thus started iljese annual cele- 
brations of worthy endeavor* and high 
purpose. 

Now if we look around, both at this 
present gathering and retrospectively al 
history, we are tempted to deduce that 
all is indeed well vvith the relationship of 
science and society, and that 146 years 
earlier all. indeed, was well: that from 
the beginning the public and the scientif- 
ic profession together have enjoyed a 
persistently happy partnership. Both de- 
ductions are quite wrong. All is not well 
with the present relationship between 
science and society, and in the early 
ycais too. when the scientific profession 
was born in Europe, all was not well 
The golden days for the mutual in- 
volvement of science and society came 
much later. At t.ie beginning there were, 
in fact, great tensions as the profession 
emerged, and equally there are some 
now. And 1 wan* to argue thai at least 
one problem which lies at the root of 
some of our present troubles was a spec- 
ter at these feasts from the very start and 
has haunted the profession ever since. If 
I may change my metaphor; it has been 
like the Cheshire cat. taking on firm out- 
lines at one period, fading at another. 

The author »$ Adjurivt Professor at Rockefeller 
University. Netv York J0021. This atticle was origi- 
nally presented as the Fhi Beta Kapna lecture at the 
*AS annual meeting in Denver. Colorado, on 24 
^ jruary 1977. 



and then returning to sneer at us once 
more. This problem is the theme of my 
article and it is the problem of humanity 
in science. 

Now this phrase can have several 
meanings. Marie Cune once said, "Sci- 
ence deals with things not people." The 
problem arises if. and when, scientists 
and technologists are tempteu to deal 
with people as things. One of the prob- 
lems in and around science arises 
through the inevitable stance of detached 
objectivity whereby a scientist must ap- 
proach the natural world. It can be no 
problem — but as recent work in the bio- 
medical sciences or genetic engineering 
demonstrates, it can be a serious prob- 
lem. And ai a time when the social con- 
tract between this profession and society 
is in the process of being renegotiated, as 
if s now. humanity in science considered 
in ihese terms becomes deeply signifi- 
cant. 

fhc second interpretation of this 
phrase means a consideration of the hu- 
man beings who do science: those re- 
markable people who come to us in an 
assemblage infinitely x.iricd. It is iliffi- 
cult to reach out and touch the humanity, 
or the hi.maneness. in the people who do 
sciencf , because science is essentially a 
communal activitv whose results must 
be expressed in the passive voice, to be 
understood by anyone throughout geo- 
graphical space and historical time. The 
expressions of science come in forms 
from which all the human content has 
necessarily been drained So the ques- 
tions. Who are the people ^^ho do sci- 
ence as individual human beings? What 
is the relationship between them and the 
scientific ideas they create? How and in 
what form are individt«ality and creativ- 
ity brought to bear and e/pressed in sci- 
ence? — these are pressing questions 
which have not received the attention 
they deserve. I want to ask one other 
question as well: Why, with very few ex- 
cepticr^, have these themes or these 
people never stimulated great works of 
literature or art? 



Lastly, the problem of humanity in sci- 
ence can mean the relationship between 
scientific and humanistic modes of 
thought and their impact on one another. 
This touches on the central core of crea- 
tivity which lies al the heart of both hu- 
manistic and scientific work. I shall raise 
all these questions and answer some of 
them. I shall also suggest that our at- 
tempts to mirror the human life in and 
around science have been somewhat de- 
fective, to put it mildly. Our failure to do 
this has both deprived our artists of the 
possibility of portraying this great area of 
human activity, and contributed to the 
myths about the scientist and scientific 
activities which are highly dangerous, 
especially in the present time. I shall also 
argue that the schisms and the problems 
we now see on the contemporary scene 
arose in an historical setting and had sig- 
nificant historical ramifications. The fail- 
ure to co:ne to grips with the problem of 
humanity in science in the 19th century 
has had important consequences for the 
relationship between science and society 
in the 20th century. This problem origi- 
nated deep in the social matrix of this 
profession, and its solution lies equally 
deep in our social matrix. 



The British Association for the 
Advancement of Science 

By now the origin of the British Asso- 
ciation for the Advancement of Science 
is well known. Its founding was stimulat- 
ed by a book by Babbage, Reflections on 
the Decline of Science in England (/), 
written in 1830, at a time when the word 
scientist was not even coined. After trav- 
eling extensively on the Continent, Bab- 
bage came to the conclusion that mea- 
sured \>y almost any criteria you could 
mention — status, honorary distinction, 
or government post— science did not en- 
joy a status comparable to that of any 
other profession in England. Not only 
was It in a very inferior position, it was 
not a profession at all. As a resun, the 
British Association foi the Advancement 
of Science was formed. Their motives 
weie "To give a stronger impulse and a 
more systematic direction to scienufic 
enquiry and to obtain a greater degree of 
national interest in the objects and prose- 
cution of acience" (2). Theii aims were 
not entirely altruistic, of course. The 
members of the Association did. ind ed. 
want to remedy the situation that Bab- 
bage had portrayed, but they also felt 
that by showing society the practical jus- 
tification for the existence of science, by 
demonstrating science's capacity to re- 
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spond to social problems, they would 
strengthen the ties between the practi- 
tioners of science and the public. In oth- 
er words, they had Rousseau*s original 
social contract in mind, defined as a situ- 
ation of mutual support, where each par- 
ty relinquishes a measure of freedom for 
the wider social good. 

They described themselves as the 
"cultivators of science." This was true, 
for that is exactly what they were. But 
they were also realistic and practical 
and, with their new pragmatic attitude, 
appealed not to the disinterested search 
for truth but to the benefits that could 
come by a close association between the 
profession and society. What happened? 
While all their initial efforts were not 
quite disastrous, it is absolutely true to 
say. as with Wellington after Waterloo, 
that "it was a damned close run tl ^" 
(i). For 10 years that profession and the 
British Association were subject to a de- 
gree of indifference or derision and paro- 
dy, and at times were treated with such 
humiliation by the newspapers that I 
sometimes wonder that the profession 
got off the ground at all. The fact that af- 
ter 20 years they were inclined to hole up 
and become more and more introverted 
surprises me not a little bit when one re- 
members what was written. For ex- 
ample. The John Bull Examiner, report- 
ing on the Association's meeting of 1835. 
described it as **a whole lot of glaring 
humbug,** The distinguished divine J. 
Keble» who founded Keble College at 
Oxford University, described the British 
Association as "a heap of quack philoso- 
phers," Even after 10 years, the I-ondon 
Times was being mightily rude in the glo- 
rious way that the London Times can be 
from time to time. A convention of Non- 
conformist ministers set themselves up 
as a clerical organization modeled on the 
British Association, and the paper re- 
porting this described the latest British 
Association meeting in Devonport, 1841. 
as a "sort of philosophical race-week" 
and commented that the "new synod of 
tabernacle Savans" might "even surpass 
the freaks and foolenes of their model' 
(•/) 

Now why hnglish society took this at- 
titude is something that I have dealt w ith 
at length elsewheie (5). Hut it has ;o be 
admitted that, to a ceitain extent, the 
nienibeis of the British Association were 
sitting ducks foi paiody. foi asmembei- 
ship incieased so did ihc publicity both 
befiiie and after the meetings \s the 
publicity got moie flowery and full of 
puff, the hospitality became moic lavish 
and the dinner ineiuis became more 
O „ lengthy. These were published along 
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with the scientific papers. Af^er the 
Newcastle meeting in 1838, The London 
Literary Gazette printed a report from 
The Newcastle Journal which listed the 
amount of game donated to the feast by 
the aristocratic lords of Newcastle, "to 
prove that gastronomy beats astrono- 
my," The Times, reporting on the same 
meeting, spoke of the grand promenade 
in the ballroom of Newcastle's finest ho- 
tel, where some 4000 people were nter- 
tained, at which the amusements and re- 
freshments were of the \^ost recherche 
description. One longs for more delaih. 

Yei» sadly, the British Association did 
have a record of offending British Victo- 
rian susceptibilities. They held one meet- 
ing at Castle Howard, the home of Lady 
Mary Howard, who was a kind of Victo- 
rian Carrie Nation. She was so offended 
by the junketings of the scientists and the 
hangers-on that she caused the family's 
wine cellar to be drowned m the lake, 
and supervised the massacre herse,f by 
knocking off the top of every bottle be- 
fore it went under. Now. as Chaudhry 
shows in his interesting article on 
Charles Dickens (6). in spite of the Asso- 
ciation's very genuine attempts to im- 
prove public understanding of science, 
what in fact came out was an indiscrimi- 
nate mixture of science, technology, 
pomposity, and vanity, "Far from popu- 
larising science," he wrote, "the British 
Association had only succeeded in vul- 
garising It." !t appears that its very rea- 
sonable aims had been given up in favor 
of activities which were far from scientif- 
ic (7). 



Charles Dickens 

My purpose here is to concentrate on 
one gadfly, Charles Dickens. He became 
editor of Bvntley s Miscellany , iiUd in the 
autumn of 1837 had intended (o publish 
OInvr iMiM in the magazine. But he was 
diverted from this, for on 9 September 
the B^.lish Association held lis annual 
meeting in Liverpool. In October of that 
year. Dickens wrote in the maga/jne 
"The full report of the first meeting of 
The Mudfrog Association fc the Ad- 
vancement of Everything" (H). He had 
already (ak^n one laugh at the expense of 
the Ikitish Association in Pukwuk Pa- 
pers, and he now piOL ceded to take sev- 
eial more basing his paiodies on u : an- 
nual lepofts. fo build up an exaggeiated 
mock e\c'»**ment of the tension and dra- 
ma of science. DicNcns employ s the sim- 
ple satire ot the l.»istle of the newspa- 
p^»s. which are putting out communi- 
ques at houily intervals, then half-houriy 
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intervals, and then quarter-houriy inter- 
vals. The climax comes when Augustus, 
somebody's pet pug-dog, ♦ tolen on the 
eve of the meeting ar J is dissected by 
two professors in their disinterested 
search for truth. The scientists who per- 
petrate this dastardly crime are thereby 
correspondingly assaulted by the owner 
of the aforesaid Augustus, an unmarried 
lady of othenvise impeccable virtue, 

Dickens selected his items for parody 
from the agendas of all the sections, and 
few of them escaped his scalpel. For in- 
stance, he describes one section whose 
members were to take « cauliflower and 
redesign it a> a parachute, to be guaran- 
teed to come down fiom a height of no 
less than V/z miles. In this he merges two 
episodes that had recently occurred: 
somebody had described a giant water 
Illy at Kew. and also a parachutist had 
fallen to his death the week oefore. Hav- 
ing constructed a parachute on what he 
described as impeccable scentlfic nrir- 
ciples — that is, in the shape of an in- 
verted umbrella— the aviator had gone 
up to one of London's highest points and 
had come down to an untimely death. 
The Times reported this as "an unfortu- 
nate aeronautical catastrophe/' 

Among other things, Dickens also de- 
scribes Mr. Tickle's spectacles, which 
are designed to enable the wearer to dis- 
cern, in very bright colors, objects at a 
very great distance, but which render 
him wnolly blind to those immediately 
before him He parodies recent govern- 
ment report'., he talks about whether we 
could, in fact atilize the industrial fleas 
m ihe zoos. He thinks we ought to li- 
cense the fleas to do work for us, for they 
could labor under the direction ant< con- 
trol of the state, and their widows and 
orphans could be put in insect alms- 
houses From the study of these insects 
at work wc would derive v«ihK.ble hints 
for "the iniprovcf^.vnt of our .metropoli- 
tan universities uur national galleries 
and other public edifices." Thf core of 
Dicken's patody i« )^ot diflici it to fath- 
om The first thing he hated was h'.m- 
hug. the second thing he h.ited was the 
denial of humanity, and all Ins parody 
has a striking social intent. Humbug is 
easily disposed of— all you have to do is 
prick it With .t pin. But denial of humani- 
ty IS not, and it is 'his humanity which 
was cncapsul.tt** J in Marie Cuiie's aph- 
oiism which I ntnnoned before. 

I saitl h.it the pioblem really begins 
when we are tempted to regard people as 
things, this especially was the root of 
Dickens' hearty dislike of statistics. F-or 
he saw a situation when science would 
cease to legard its objects of study as hu 
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man beings and regard them solely as 
numbers in a statistical equation, and he 
would have none of it. 

In passing, we may note that Dickens 
himself was greatly influenced by early 
Carlisle, who attacked the whole of the 
utilitarian movement and numerical 
quantification. Like Carlisle, too, he had 
a great distrust of institutions designed 
apparently only for iaik. lie did not like 
politics; he did not like Parliament, and 
he certainly did not like people who, like 
Mrs. Jellibee, organized charity for the 
Africans with a general whip-round in or- 
der to provide underwear for the people 
of Senega!. He was very suspicious of 
such attempts, for he believed that orga- 
nized charity was meiely an institutional 
device for channeling our sympathies, 
making them impersonal and unavailable 
in human terms. It is sad that Dickens, 
with his comic irony and his vivid sym- 
pathy, has no real solution to all this ex- 
cept that of a good heart. In Oliver Twist, 
along comes that nice man and gets Oli- 
ver out of the problem. But by the time 
we get to the later novels. Our Mutual 
Friend and Great Expectations, Dickens 
is sadly pessimistic. He implies that hu- 
man relationships are so riddled with ma- 
terial ambition, selfishness, and snob- 
oery that the po ,ibilities of humanizing 
our society recede more and more. 



Allegiance of the Scientist 

Now as I have indicated, the de- 
tached, objective stance which has 
served, and will continue to serve, sci- 
ence so admirably as a methodology 
finds no cause for concern whcii we are 
investigating the passage of gases 
through the pores of a leaf. But it really 
begins to be a source of concern when 
we look at the implications of recent bio- 
medical research or many of the implica- 
tions of recombinant DNA research, as 
they relate to human jenetic engineer- 
ing Whenever science begins to impinge 
on the .autonomy of human beings such 
problems always arise and these force 
us 10 reexamine, in our new setting, a 
very old question — namely, that of the 
allegiance of the scientist. This was first 
raised in the middle of the 19th century 
by a number of people, including Lyon 
Playfair. who was to be president of the 
British Association in 1885. But the mid- 
century was a time when science and so- 
ciety were moving to delineate the forms 
of their soci^' contr?xt. The question is 
this: Where is ihe allegiance of a scien- 
tist properly due? Is it to an abstract eth- 
Is it to ' methodology? Is it to them- 
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selves as a profession, or is it to so- 
ciety? 

In the 19th century it came to be taken 
for granted — and almost by default — that 
the profession's allegiance was solely to 
the first (5). But in the last quarter of this 
century it is surely patently clear that it 
must become very much wider. So my 
first plea is for some practical recogni- 
tion of the new ethical imperatives opei- 
ating both on science and on society. At 
this stage let me give only one example. 
The United States has the most sophisti- 
cated and remarkable biomedical re- 
search establishment in the world. It also 
has a remaikable scientific profession, 
which is highly privileged. I agree with 
the distinguished immunologist, Barry 
Bloom; it is both morally right and scien- 
tifically possible to concentrate some of 
oui intellectual and technological effort 
on the pressing medical problems of the 
Third World — leprosy, malaria, and 
schistosomiasis foi a start. 

There is something distasteful at the 
sight of a highly developed society being 
forced to divert great resources, both fi- 
nancial and intellectual, to the cure of its 
own self-inflicted diseases. We can char- 
acterize these as the diseases of choice — 
those which arise from excesses in its 
Kfe-style, or the pollution of its environ- 
ment. In 1975 r' e United States spent 
S22 billion on aicohol and S12 billion on 
tobacco, and in the preceding year it 
spent S400 million on cancer research. 
Yet the World Health Organization esti- 
mates that to do an effective inter- 
disciplinary remedial job on the problem 
of the Third Woild diseases, those that 
arise not by choice but by causes exter- 
nal to the people themselves, would cost 
only $15 million per annum. 1 do not 
wish this point to be misunderstood. 
This is not a plea for less basic research. 
1 continue to be greatly impressed with 
the importance of such work and how, 
for example, work supported for re- 
search in cancer can have an impaci rn 
other areas of medicine— how. foi ex- 
ample, basic immunological studies bear 
immc'lialely on autoimmune disease. 
1 his plea IS both foi a change in life-style 
and a lescarch program dnected to the 
problems 1 mention. To support such 
work would. ! believe, be one of the 
most farsighted acts this new Admims- 
iialion conlu undertake There is an un- 
tapped source of idealism, energy, and 
intellectual skills in the young scientists 
of thi^ nation, and 1 would like to see the 
development of a scientific Peace Corpv 
devoted to tackling some of those prob- 
lems, to gaining mi'ch more knowledge 
and helping to implement the solutions in 
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terms of the cultures, life-styles, and as- 
pirations of these other countries. Noth- 
ing would do more political good to this 
nation and few single acts, 1 think, would 
bring more decency into the world. 

Now 1 must emphasize that there is 
nothing God-given or immutable in the 
scientific profession's apolitical dis- 
interested search for truth. Even in the 
17th century, more than one-third of the 
papers of the Royal Society were about 
social problems and the relationship of 
science to them. In addition, in the early 
years of the 19th century the initial aims 
of the British Association were to bring 
the problems of society and the skills of 
science together. That the profession 
was driven into itself was not. 1 would 
argue, its fault. Moreover we have seen a 
similar emphasis in the late 20th century 
When Sir John Kendrew was president 
of the British Association in 1972, he 
pleaded for a change in attitude and 
asked for the profession to look at some 
of the pressing social problems and di- 
rect their knowledge toward their solu- 
tion. More recently, in the press confer- 
ence that attended the publication of his 
book on 0. T. Avery. Dubos (9) remind- 
ed us that Avery's discovery arose not 
from his interest in the gene, but from his 
interest in pneumococcal pneumonia. 
Dubos consistently argues that many sci- 
entific problems which have their origins 
in a deep social context may turn out to 
be more fruitful, in all kinds of ways 

o that was one critique: science is 
cold and inhuman and also does not con- 
cern Itself with the needs of society The 
second critique, which is my next theme, 
also has historical origins, somehow sci- 
ence manages to extract the warmth and 
beauty from the world, and this is also 
drained fn m the personalities of the 
prosectuo of science. Moreover, in- 
sofar as they are scientific solutions, our 
solutions to humanity's problems inevi- 
tably become humanely cold, too Dick- 
ens took up this theme, so did Blake and 
Keats, and in our tune so did F. R. Lea- 
vis. 

Humanizing Societ v 

So. It IS argued, the job of impioving 
and humani/ing oui society can hnd nei- 
thei tools noi methods in science, foi 
^^en the remedy becomes uoi^** than (he 
disease, We must lake note of one coun- 
terclaim that was ollcied in the pas! .i:ul 
IS often otVeied nou In the etloil lo hu- 
manize ouisehes. lo enhance oui ethic«il 
and moral sensibilities, people have of- 
ten appealed to the humanities to tto it 
foi us. almost as to an ideology 1 he le- 
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dempnve pcwei of the humanities to 
produce an enlarged consciousness, to 
make us aware of the realitv of ouj hu- 
man predicament, to enlaige our s\mpa 
thies has heen an important theme, 
whether in Wordsworth, in Shelle> . oi in 
many 20th-ccntui\ writtis. 1 am shghtK 
skeptical about this. 1 am not at all con- 
vinced that somehow, fioni a studv of 
the great thinkers of the past «ilone. wc 
tutomaticallv get .icccss to noial virtue. 
It is disturbing but nevertheless true th.tt 
people can be extraordinarlK sensitive 
to music and poetn and not neccssanh 
appl> this to their dailv lives. Sterner i/O) 
has reminded us how people returned 
from a day's work in thv? concentration 
camps and then put Mozart on their 
gramophones. 1 remember, too. a de- 
lightful occasion at a conference on sci- 
ence and the humanities when the philos 
opher Max Black reminded us of the ex- 
quisite capacity of philosophers to argue 
questions of ethics and moralitv in the 
most rigorous and convincing style, but 
he went on to sa> . "If I wanted to know 
whether an action 1 proposed to take v as 
right or wrong. 1 wouldn't ask mv profes- 
sional colleagues. I d ask m\ wife." 
Stoppard (//) equallv reminds us how 
Lenin, when he felt himself being moved 
b> the Appassionata Sonata of Beetho- 
ven, ngidiy turned awav. saying. "We've 
just got to hit people." 

Did the Shakespearean plays, with 
their almost God-like insight into the 
way that people behave, make people 
understand more, make people act bet- 
ter, make people feel more humane? it 
was with considerable surprise that 1 
learned from David Daiches that the 
same people who went to the Globe 
Theatre or to any Elizabethan or Jaco- 
bean play, and saw these marvelous dra- 
mas with their rich poetry and their hu- 
man understanding, would at the same 
place m the same afternoon watch a 
monkey tied to the back of a horse, 
chased by dogs who slowly bit it to 
death. This was their favorite occupation 
between the acts For there is a large gap 
between appreciating the woiiders of ar- 
tistic imagination and going out and 
doing likewise, as there is between 
Knowing ethical norms <)nd g^)ing out and 
doinu! likewise, which no amount of iIk 
cussion of ' <s"' and " ought"' will alttrr. 
This IS my main quaircl with T R Lca- 
vis — the myth ol the redemptive power 
of gicat works ol ait. the belief that hv 
teaching a small gioup of elite to appicct 
ate Lawrence .md Cjcoige LIi^; v)U will 
change wivili/ation >ou won < at all — 
not In this alone. 

Whv have I gone into this at such 
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length' I have thiee leasons. First. I 
think It unfair and unwise to regaid the 
humanities in this theiapeutic^ light. They 
aie good in themselves and should not be 
legardeil «is renieilies for our own f»ul- 
ings. Seconil. we must not delude our- 
selves aKnit how easy is. We must not 
pretend that woids anil university 
courses .i»*e a substit te for hi.m«in hearts 
and human action. Third, we must be 
very careful of hypocrisy. For if we in- 
sist that the scientitic profession and the 
medical profession have a caie and a hu- 
man concern which we ourselves as 
members of society are not prepared to 
have 01 to act on. we shall be raging hyp- 
ocrites. 



Absence of Science in Literature 

Now let me go to my second task and 
raise the question. Why is there the myth 
that humanity and warmth are drained 
fiom the world by science, and how is it 
that scientists have not been the objects 
of great works of art or literature? Tlicre 
are. of course, famous exceptions — 
George Eliot's Middlemarch . Sinclair 
Lewis's Anowsmith. and to a certain ex- 
tent the novels of C. P. Snow, although 
he has mostly described scientists acting 
as politicians or administrators, as any- 
thing other than workers in a laboratory . 
If there is a shortfall here, we must se^ 
this m terms of the social streams m X\\^ 
early 19th century . around the time w hen 
the British Association w is beginning. 
Here. 1 believe, we find another and per- 
haps more serious division between sci- 
ence and the arts In the (Mrly yeais of 
the French Revolution, the romantics 
heralded the new tige of freedom and rea- 
son — a time when poetry and science 
would lie down like the lion and the 
lamb, and inspire and celebrate together. 
Indeed, from the time of Copernicus to 
that of Newton, scientists could write 
and assume that what they wrote all in- 
telligent men would read 

But vVordsworth. Coleridge. Shelley, 
and Tennyson not withstanding, by the 
middle of the 19th century this assump- 
tion began to fade. It was partly the real- 
ity of the French Revolution folhrned by 
Bonapartism which smashed that vision, 
partly the effect of the Industrial Revolu- 
tion and the shape of the new world to 
come, w hen scientists were equated with 
the engineering devils who had black- 
ened the face of England. The new world 
that was now fashioned seemed totally 
alien to the world of poetry and art. So 
the romantic movement then revised 
again in a different form, to protest 

70 



against the deadening effect of the ration- 
al style 

The. was. on the one hand, the vision 
of the detached onlooker, who moou 
aside from the world. But this seemed to 
be at variance with the desire of the poet 
to enter vvith his feelings into the world 
and to respond and resonate with it. As 
Keats wrote, natural philosophy appar- 
ently undermines this vision: it certainly 
makes the world much less accessible. 
Then William Blake came, to speak of a 
science that darkens the imagination and 
murders the soul- So the rift bee,an. 
Among the poets and the artists there 
was the cultivation of that inner realm of 
feeling which poetry, but not science, 
would reflect. Moreover, it was a place 
where, as Charles Davy reminds Ms. the 
truths of poetry did not have to meet aie 
challenges of the truths asserted by sci- 
ence. This difference was not an issue 
about the nature of the world and who 
made it. for that topic was left to the 
classical conflict between the theolo- 
gians and the scientist*:, it w,i^ :he ques- 
tion of the place '"where three dreams 
cross" — out i' was a place which a scien- 
tist nc>er inhabited and probably could 
x\c*\ understand. 

Now one consequence of this nft came 
lo be reflected in education, a second, in 
'he ignoring of science and its ideas as 
themes for artists. Such issues as the 
relationship between a sensitive artist 
and bourgeois socieiy . which has been a 
tremendous theme of literature, never 
found their counterparts in literature 
about science. This was partly beca!'\e 
people could not decide on what side of 
the issue scientists lay. but equally be- 
cause, hating the Industrial Revolution 
and the philistinism of the whole 
bourgeo'. mentality, and equating the 
scientists with the technologists, people 
^omehow pushed them onto the side of 
the enemy Thus scentists became, and 
have remained, suspect in the eyes of 
artists. 

So we h.ive had a long tradition of 
writing and investig<»ting how artists and 
writers work (Joyce Cary's marvelous 
book llw Horse's Uoifth comes immedi- 
ately to mind), hut where is its scientific 
equivalent'* The psychology of artistic 
creation has been with us for 200 years, 
and even though Poincare raised similar 
questions about scientists, no one has 
ever gone really deeply into the psychol- 
ogy of scientific discovery. There is so 
much that remains unexplored — the hu- 
man themes around science ate v ivid and 
fascinating. But writers do not know 
how scientists work. They see sc ence as 
power, or as politics, but there are pre- 
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cious few accounts of the way the scien- 
tific imagination is expressed. It may be 
that novelists are afraid of revealing their 
ignorance, but 1 think the reason goes 
much deeper. I think it is because, some- 
how* we have not made science acces- 
sible. Yet. I CO! tend, if you want as your 
sympathetic ^^ro a man of imagination, 
of intellectual interests, of deep moral di- 
lemmas, a scientist will fit your picture — 
especially, perhaps, a .ecombinant DNA 
scientist — not only as well as but. in 
many ways, perhaps even better than an 
artist. 

Yet one can say that, after ail. we have 
had a long tradition of looking at science. 
We have indeed had the professional 
scrutineers of the enterprise, the philoso- 
phers and the historians of science. Bui 
if. as Neff (/2) argued, the measure of 
our success here is the measure of the 
means bv which we have chosen u vuo 
humanity to recognize its own likeness 
and understand itself, how ha\e we. in 
professional philosophy and hisiorv of 
science, measured up'^ Have we suc- 
ceeded in getting science to recognize its 
own likeness? No. Judged bv scientists 
and others, much philosophy of science 
has been just irrelevant — at best a series 
of brilliani axiomatic games, but often 
pretentious nonsense, like the pre- 
tentious nonsense vor ^an easilv fin J in 
all academic disciplines. But worse. I 
think, i^ what it has omitted to do for us 
H. Reichenbach said, philosophers of 
science are "not interested »n the con- 
text of discoverv so much as in the con- 
text of justification" (/.^). But this is onlv 
a verv small part of the science enter 
prise. 



Historv of Science 

What of historv of scie iCo? It is a pro- 
fession 1 have practiced for a great part 
of my academic life, and I look around 
and ask. Where in history of science is 
our Macaulay. our Namier'* ""ome to 
that, where is Tolstoy? Who has dealt 
adequately with the relationship of the 
individual in science to the march of sci- 
entific progress? History as we know it is 
a tapestry, the parts of which are made 
up of the mosaic of the small, everyday, 
individual events And we derive the 
pieces of the mosaic from a whole vari- 
ety of sources over and above formal ac- 
ademic articles: from newsraper jour- 
nal, diaries, cabiiiet documents, and so 
on. The real historian is the one who can 
piece the mosaic imaginatively to form 
the tapestry and so present the past to us 
in Its full, vivid colo**. No* apart from 
waspish memoirs of Watson {14), we 
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have <ieen little of this kind attempted in 
the history of science, and in any case 
we would be much better advised to turn 
not to Watson but to Sayre (/5). who 
genuiiiCly attempted to match a person 
and a personality with the progress of 
thought. There are a few notable excep- 
tions: Holton (on Einstein) (/6) and Ro- 
senberg (/7). both of whom are con- 
vinced that the scientists* subjective 
state of mind has a marked influence on 
the progress of science; Koestler {18) 
v.hose vivid account of Kepler in The 
Sleepwalkers is another, superb, ex- 
ample: and Frank Manuel on Newton. 

To be fair to the members of my pro- 
fession, whom 1 by no means disavow, 
science makes it very difficult for us to 
ccnprehend its history. There are two 
reasons for this. First, the pieces of the 
mosaic are often just not there. Second, 
as Sir Peter Medawar reminded us {19), a 
scientific paper not only conceals but in 
fact actually misrepresents the reasoning 
and the imagination and the creation thai 
has gone into it. for the stern eyes of 
John Stuart Mill are staring out at the ed- 
itor of every journal. As Medawar also 
emphasized, the past of science does not 
have a dignified independent existence of 
its own. for a scientist's present work is 
of necessity shaped by what others have 
done and thought before him. **cience 
is a wave front of a continuous secular 
process which carries its own history 
with it. But even admitting the diffi- 
culties that are placed in our way as we 
try to relate the individial work to the 
march of scientific history. 1 still believe 
that we could, and should, be very much 
more imaginative and comprehensive in 
mirroring this activity. 

Now why am 1 so confident? It is be 
cause duiing the last 2'/2 years. I have 
been following Sir Peter Mcdawar's rec- 
ommendations, and Gerald Holion's too. 
and have been listening in at the keyhole 
of daily science. I have, m fact, been liv- 
ing with one group of scientists, day after 
day. as thev cJo science, not as they af- 
ten* ards ^ay they do science. I have 
been seeing the smudges, the thumb- 
prints and bloodstains, of a personal 
struggle with one's ideas. Now after 20 
J ears in orthodox history of science. 1 
am appalled that I could have so igno ^ I 
the very human core of its history. 
Where are the people that, as an histo- 
rian of ideas. 1 wrote about? Did 1 paint 
them so that 1 could recognize them and 
their unique personalities, and how they 
bore on their science? No. I did not. So 
my last plea is that it is time to apply to 
the history of science the lessons of Vico 
and Herder which have been so beau- 
tifully expounded by Sir l.saiah Berlin 
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{20). We must become more sophisti- 
cated and come to grips with this prob- 
lem, and reformulate our discipline. 

History is not a totally unknown coun- 
try. It is a study of the human past as a 
form of collective self-under «anding of 
human beings and their world. It always 
has been that and it should be always like 
that. It is a story of human activities, 
what men did. what they thought, what 
they suffered, what they strove for. what 
they aimed at. what they accepted, what 
they rejected or conceived, or imagined. 
It tells us about their motives, their pur- 
poses, their ambitions, their ways of act- 
ing and their ways of creating. These. 
Vico insisted, are the '-activities we know, 
and we know because we are all involved 
in them as actors, not as spectators. His- 
torians and philosophers of science have 
been too much spectators and have not 
been sufficiently involved with science. 
The kind of knowledge we seek is not 
just the knowledge of facts or the knowl- 
edge of logici4. truths or the logic of 
method. The kind of knowledge we seek 
is more like the knowledge of a friend, 
his character, his ways of thought or ac- 
tion, an intuitive sen«»e of the nuances of 
his creative personality. We must use 
imaginative power of a high degree to en- 
ter into the other's mind and world, and 
this means appreciating them as people 
as well as scientists. 

Without entering into history in this 
sense, the past remains dead, a collec- 
tion of objects. Similarly, without enter- 
ing into science m this sense, scientific 
history ivill remain a dead collection of 
objects or ideas which apparently has 
been created by stuffed figures in a muse- 
um. The only way of achieving any self- 
understanding is syste.natically lo re- 
trace our steps, historically, psychologi- 
cally, and above all anthropologically in- 
to sci'^nce. We can begin now to study 
science as it is done and try to under- 
stand those private moments of creativ- 
ity — to enter with the scientist into *Mhe 
place where the three dreams cross.'' 
We have to enter with empathy into oth- 
er people's minds and into their modes of 
being. Then and only then can wc go 
back and re lo the history of science. 

1 have argued that at this time the sci- 
entific life and the scientific imagination 
arc not really accessible, for all that 
more is probably being written about sli 
encc than at any tin.v m its history. If it 
were accessible, wc aiuld demytholo- 
gize It. When we have done this, wc 
could incorporate it into public under- 
standing. When It is incorporated into 
public understanding, then, and only 
then, will science be truly inte^r ited into 
oi:r culture. 
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Science and Society 

Finally I want to say so neihing noi 
very originaU but I do not think that mat- 
ters. Science and society can no longer 
afford to entertain myths a'ld misunder- 
standings about each other, as the recent 
public debates about recombinant DNA 
reveal. Public understanding of science 
is as vita! as it was in the early days. But 
there is the other side to this coin, and 
that is the scientist's understanding of 
the public. Science and society must be 
closer to one another. When the one is 
truly incorporated into the other, we will 
appreciate the humanity that has in fact 
always been present in science, and in 
essential respects will always be found 
there. But if I argue that scientists should 
now consider new ways of expressing 
this humanity in response to the nevv eth- 
ical imperatives in our society I also ar- 
gue that society should think of new 
ways both of helping them to do this and 
of understanding them. 

The profession's allegiance can no 
longer be to a methodological ethic 
alone. But this does not mean giving up 
the truth, and we will still look to scien- 
tists for significant contributions to ob- 
jective truth as weM js to the practical 
e.xpres>ions of science. I am not arguing 
for a return to stages of irrationality or 
wi<^hful thinking, hut for the application 
of knowledge of facts in new com- 
passionate ways I think we are reason- 
ablv entitled t*. ask the scientific profes- 
sior. :0 assess the problems of contempo- 



rary society, and where scientific 
solutions are called for. to give them first 
priority. It would be magnificent if. in- 
stead of being on the defensive vis-a-vis 
society as we have seen in recent years, 
scientists actively extended their notion 
of accountability in this way. With their 
example before us. we might then go on 
and tackL' the problem of accountability 
in othe- groups — in industry and in the 
media, for example — and thus help 
create a climate where all such profes- 
sional groups recognize their debt and 
responsibility to society at large. Now is 
very much the right time — a delightful 
time in our lives — when it is splendid, is 
it not. to be able to use old-fashioned 
words such as "morality " and "honor" 
without a fear of being sneered at. 

I also wonder what Charles D'jkens 
would sa\ if he came hack now. He lived 
his life in a deep peoimism. But looking 
hack I think he would have possibly 
more grounds for optimism. 
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In the kinetic behavior of \AAS o* the 
past decade, not cxclud.Jg the oresent. so- 
cial controversy ha.s troubled the waters and 
provoked questions about what is science's 
proper business and what is n While the 
prevaihng wisdom is that the fires of Amer- 
ican discontent are burnt out. the evidence is 
that It docs not take much to rekindle vtcm. 
Science may yearn to be seen as impartial, a 
sanctuary of reconciliation whose members 
hear no evil, see none, and above all speak 
nar^. If scientists were saints, it might be so. 



At the recent AAAS Annua! Meeting the 
principal eruption was one of information 
and communication, with nearly 140 sym- 
posia and almost 1000 speakers shoehorned 
into five days and nights. But there were 
other eruptions too. more impassioned and 
divisiv-, whose echoes still resound. The 
questions will not \k quieted. ^Vhdi pu.,bes 
scientists, wn.^rpver !'*cir fitld"> and creden- 
tials, to plurtge into social and political con- 
troversies which are not central to the search 
for and apnlvdiion of knowledw.* What r. 



politics d iing in the house of st lence? 

There is no wav. in a dynamic society, 
that ? strict line can be drawn between sci- 
ence and the tides of social change. They 
overlap, and if it is argued that science is 
value- free the same cannot be said scien- 
tists. If scientific freedom is half the op- 
erative equation, res^nsibility is the nher 
hair Where trouble coiner is in divining the 
issues on which scientist*^ should take a 
stand, and in attesting the legitimacy of their 
interventions. There are no glib rules, no 
magisterial fiats, to go by Conscience ^nd 
conviction are among the valuables rescued 
from the debns of the recent American expe- 
rience, and they will have to do. 

The scientific conmunity has seldom 
complained when p/ litics has used science 
for Its various purposes, and it is curiou; ''•at 
so much anguish is expressed when it is the 
scientists' turn to make use of politics The 
glonous Apollo program, tor all its benefits, 
was more the child of pcJitics than of the 
craving for exploration The war on cancer 
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has similar origins. The sweepstake staged 
for siting the solar eneigy laboratories was 
inore of the same. Like it or not, political 
motives have been largely responsible for 
driving American science and technolog> for 
three decades, and under the banner of ener- 
gy they arc likely to do so for the next three. 
It is outright myth to imagine that science 
and politics exist in separate spheres. 

It is not a matter of indifference that in 
police states the human rights of fellow sci- 
entists arc violated. Nor is it beneath scien- 
tists to borrow textbook political methods in 
the defense of basic research against statu- 
tory regulation. When state governments 
dictate what is to be taught in the schools 
about the origins of life, we have little 



hesitation in taking up the fight. If these re- 
sponses are legitimate, it is not clear why 
scientists should not also go to the mat for 
the physically handicapped in science, for 
the rights of other minority groups, or on 
behalf of an equal chance for women in sci- 
ence. The advancement of science will not 
be measured entirely by the growth of re- 
search budgets or the per capita share of 
Nobel Prizes. 

If there is a hitch in the argument, it con- 
cems the public's grasp of what the scientists 
arc up to. Will a public which listens when 
scientists speak on saccharin or laetrile care 
to hear their views on social morality? The 
reaction is likely to be that the scientists have 
left their domain. Where the public will 



finally lose patience is at the appearance of 
arrogance, no matter what iiay be the moral 
strength of the scientists* position. It is here 
that a line surely can be drawn. 

Science and social controversy will touch 
each other more often than not, and usually 
with good reason. AAAS will get its share. 
But when the sparks fly again, as they are 
bound to, there is a lot to be said for the view 
of our colleagues in London, that science is 
**a very human business'Y/). 
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If Einstein the scientist was complete- 
ly absorbed in seeking a unifying theory 
of the forces at work in the universe, 
Einstein the citizen served the cause of 
justice with the same zeal and courage. 
From 1914 until his death he fought 
against militarism, the abi'sc of power, 
and racial discrimination, and he 
staunchly defended peace. 

Einstein's Early Years 



On 10 November 1979, a meeting of the 
Pontifical Academy of Sciences was held in 
Rome in honor of the centenary of the birth 
of Albert Einstein. The Einstem Session was 
historical in three ways. It was the first time 
the Pope presided over a session of the 
Pontifical Academy. It was the first si'ch ses- 
sion to be attended by the cardinals y many of 
whom were in Rome at the time. Finally, the 
content of the Pope's talk was remarkable, 
particularly his emphasis on the autonomy of 
scientific truth and its independence of 
religious truth. 

In the course of this century science, 
working in two directions, has complete- 
ly changed human life. One of these di- 
rections is basic research: the other is 
technological applications. It matters 
little that basic research is often regarded 
with mistrust in many circles, or that 
technological applications have not al- 
ways been pursued with prudence and 
wisdom. Man's irrationality cannot take 
away from science and technology their 
role as powerful levers to serve our so- 
ciety, guided by spiritual, moral, and eth- 
ical values, to help overcome the obsta- 
cles to man's progress produced by a ma- 
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terialistic and opportunistic civilization, 
where existence destroys essence and 
possessions take the place of love. 

Albert Einstein's work is in the realm 
of pure research. It contemplates the 
laws of nature at the level where the su- 
preme harmony of the Divine Creation 
reigns. For the importance of his works. 
Einstein is compared to the greatest 
minds in the fieid of universal thought. I 
might ment on among his predecessors 
only Galileo Galilei, who applied the 
keen edge of his genius to the develop- 
ment of science and. like Einstein, be- 
came the symbol of an era. 

In studying the existing information re- 
garding Einstein, we find, together vvUh 
the great scientist, an exceptional liuman 
being, whose chief concern was with jus- 
tice. And yet no one is more outstanding 
for his constant modesty and unceasing 
faithfulness to his moral principles. If he 
is some times accused of occasi .al sclf- 
coniradiction, this is only superficial and 
rather the result of a firm attachment to 
his convictions. One thing certain is that 
he radiated an extraordinary intellectual 
force and a charisma that age only in- 
creased. 
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Bom in Jim on 14 March 1879. Ein- 
stein lived in Munich until he was fifteen. 
In Munich he began his study of mathe- 
matics, the geometry of Euclid became 
his bedside breviary. He also immersed 
himself in Kant. During this period his 
mother made him study music and the vi- 
olin— a genuine Ingres violin—which 
would serve as his refuge in moments of 
relaxation, distress, or trial. The family 
environment helped to form his va! ^s: 
at home he learned modesty and sim- 
plicity, so well exemplified in his manner 
of dress and his indifference to material 
wealth. '^Men's lowly objectives -pos- 
sessions, apparent success. luxury- 
have alwa>s seemed to me despicable.'" 

After his elementary studies. Einstein 
matriculated at the Luitr^ld Gymna- 
sium. His stay at the Gymnasium was for 
him decisive. He could not tolerate the 
Prussian discipline there and what he 
called the **methods of fear, force, and 
artificial authority. " At the Gymnasium 
were born his lifelong rebellion against 
authoritarianism and classical school dis- 
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cipline and the roots ot his anti- 
militarism. Also, he began to feel the 
need to reconsider the importance of evi- 
dence that had been considered irrefut- 
able. 

Einstein did not complete his course in 
Munich. Interrupting his studies there* 
he joined his parents in Milan for a year 
before going to Switzerland, where he 
completed his secondary schooling in 
Aarau. He became enthusiastic over the 
democratic climate which had been es- 
tablished for centuries in the Swiss Con- 
federation, as well as the absence of a 
professional army. Making a decision 
that was s-.rprising in a young man of 
sixteen, he gave up his German citizen- 
ship to become a Swiss citizen. He en- 
tered the Ecole Polytechnique Federale, 
where in 1900 he received his diploma. 
The years he lived in Zurich were of 
great importance because they laid the 
foundations for the scientist. 

His faithful companions— Michelan- 
gelo Besso, Konrad Ha. icht, and Mau- 
rice Solovine among others— tell of the 
astonishment and admiration of every- 
one in the presence of his great in- 
telligence and his mastery of physics. 
Those were the years when he studied 
the works of Maxwell, and learned from 
a lecture by Henri Poincare that it may 
not be possible to maintain the concepts 
of absolute space and absolute time and 
even the geometry of Euclid to be valid 
in mechanics. Besso brought him Mach's 
book The Scien Mechanics, which 
even more deepi^ ^cnbed the diffi- 
cultic " of the interpretation of the two 
concepts of Newton. He thus began to 
prepare himself for relativity. 

The pupil was not popalar with his 
teachers. A very serious student, he was 
nonetheless irregular in class attend- 
ance. Also he was cntical sometimes ar- 
rogant, always impulsi^^e in his com- 
ments, often hurting feelings. Con- 
sequently, he was unable to realize his 
dream of joining the teaching staff of the 
Ecole Polytechnique, or even that of oth- 
^*r faculties. A stroke of good fortune led 
to his entry into the Patent Office in 
Bern, where he found calm and leisure 
and could so develop his unusual scien- 
tific theories. In 1905 he published four 
basic papers, in which he treated the 
theory of special relativity, explained 
Brownian motion, introduced the idea of 
quanta, and established the relationship 
between mass and energy. 

After 191 1 Einstein was sought by nu- 
merous universities. Following a bnef 
period at the .rman University of 
Prague, he returned to Zurich as a pro- 
O fessor at the very school that had 
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scorned him, bu^ finally in 1914 he could 
not resist *i.e intellectual attraction of 
Berlin, where Planck and Nemst, among 
others, lived. He abandoned Zurich and 
went to become part of the heart of Ger- 
man physics, on terms that bear witness 
to the prestige he had achieved. He was 
named director of the Kaiser Wilhelm In- 
stitute of Physics, professor without spe- 
cific teaching obligation at the University 
of Beriin, and member of the Pru sian 
Academy of Science on exceptional 
terms. The period when he lived in Ber- 
lin permitted him to complete his theory 
of general relativity and establish his the- 
ory regarding the structure of the uni- 
verse. 

Influence of Political Developments 

In Berlin, Einstein was no longer the 
scientist limited to science, but became 
involved in the political life of his period. 
Soon his sense of justice was sharpened 
and he played an active role as pacifist 
and began his battle against anti-Semi- 
tism. 

During his youth in Zurich Einstein 
had been interested briefly in Judaism, 
but it was in Prague, when by chance he 
came upon a Jewish cemetery of the 5th 
century, .t he came face to face with 
the centuries-old history of his people 
and found himself integrated with them. 
In Berlin he was surprised by the anti- 
Semitic positions taken by the university 
and the government, which fore- 
shadowed a movement that was to reach 
its full force with the Nazi regime. He 
saw that the war of 1914 to 1918 was in 
the makirig and that it was awaited, if not 
hoped for. in certain military, political, 
and economic circles. He was as- 
tounded. 

When war was declared, he was sur- 
prised to see his scientific friends offer 
their services as experts and take an ac- 
tive part in the war effort. He was 
thrown into the struggle, however, by 
the "Manifesto lo the Civilized World,** 
which was published in October 1914 
and signed by 83 German scientists, 
among them several of the mosi out- 
standing. The Manifesto relieved Germa- 
ny of all blame, justified the invasion of 
Belgium and, in terms that were to fail 
later, spoke of the annihilation of the 
white race by the Slavic hordes. Einstein 
readily signed an * * A nti-Manifesto , * * 
which he helped to write. One of its sen- 
t:nces was prophetic: "No one w»!l win 
the battle that rages today; all the nations 
that are engaged in it will pay a very high 
price.** This antiwar declaration had on- 
ly fou: signers, but Einstein did not lay 



down his arms. He immediately joined a 
movement started by Ernst Reuter, who 
was to become mayor of Berlin. The aim 
of the movement was to obtain an early 
peace and create an international organi- 
zation for the preservation of peace, an 
ideal to which Einstein was devoted for 
the rest of his life. 

The years that followed Worid War I 
were not easy ones for Einstein. Scien- 
tifically, he achieved great fame. The 
theory of general relativity was estab- 
lished by the direct observation of one of 
its principles. In 1919, during a total 
eclip:>e of the sun, the deflection of the 
light of the stars by the gravitational field 
of the sun, as Einstein had foreseen, was 
verified. However, Einstein was un- 
happy with the turn of international 
events. He refused to attend the 4th Sol- 
vay Congress in 1924 because the Ger- 
mai» scientists were not invited. Reaf- 
firming his internationalism, he wrote to 
Marie Curie: **I understand that the Bel- 
gians and the French are not psychologi- 
cally prepared to meet the Germans. But 
when I learned that the German scien- 
tists were excluded as a matter of prin- 
ciple, because of their nationality, I real- 
ized that by going to Brussels I wou!d be 
lending my support to such a decision.** 
At the time of the capture of the Ruhr 
Valley by the French army, Emstein, 
notwithstanding the anti-German feeling 
that he so often expressed, vigorously 
condemned the Allies. 

The development of geopolitics and 
the recourse to armaments at that time 
so increased Ein stein *s preoccupation 
that he often joined pacifist movements, 
which uped his name. His desire to con- 
tribute to world peace reached its height 
in the 1930*s. In New York in 1930 he 
made a speech in which he said that **if 2 
percent of the citizens refused to be 
drafted** governments would lose their 
ability to wage war. Th< speech— for 
which he was insultingly nicknamed 
**the 2 percent man"— was used against 
him by the followers of McCarthy even 
after he had obtained his American citi- 
zenship. His disillusionment with the ef- 
forts of the League of Nations and the 
slowness with which the Disarmament 
Conference held in Geneva in 1932 car- 
ried on its work led him to a new tirade. 
In a pre«*= interview before 60 foreign 
CO J wf^'^^dents he appealed to the work- 
ers of the world to abandon their work in 
the armar .ent facto.nes and cease all ac- 
tivity related to the transport of arma- 
ments. Again he urged them to oppose 
the draft. 

However, with the events in Germany 
after Hitler's rise to power, which led to 
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an increase in militarism and armaments 
and a reappearance of anti-!temitism, 
Einstein was obliged to reexamine his 
pacifist positLii and change his ideas. 
Only force could win over the power of 
evil. He wrote to King Albert: 'in the 
heart of Europe there is a power, Germa- 
ny, which is preparing for war by all pos- 
sible means. This has created such dan- 
ger for the Latin countnes, Belgium, and 
especially France, that they arj neces- 
sarily forced to use their armivs." 

During Worid War II, he served the 
American war effort and played a role, 
which is sometimes exaggerated and 
sometimes belittled, in the organization 
of the Manhattan Project and the devel- 
opment of the atom bomb. Since the Hit- 
ler regime had made it impossible for 
Einstein to return to Germany in 1938, 
he established himself at the Institute for 
Advanced Study in Princeton, where he 
worked until his death on 25 April 1955. 
In Princeton he continued his work on 
unified field theory and tried in vain to 
remove the uncertainties which the theo- 
ry of quantum mechanics (for which he 
had paved the way) had introduced into 
atomic and subatomic physic^. He dedi- 
cated great efforts to the cause of Zion- 
ism—to which he had been driven by the 
Prague incident and German anti-Semi- 
tism--and after the war resumed his ef- 
forts on behalf of peace and international 
understanding, which were now threat- 
ened by ihe i.orroi* of a nuclear war, to 
which he had in a way unwillingly con- 
tributed. 



Philosopher of Nature 

Little by little, Einstein became a wise 
man, a sage, whose advice was sought 
and whose life was cited as an example, 
in a country where communication was 
rapid, the newspapers, radio, and »elevi- 
stnn brought to the public the innumer- 
events of his dj^ily life, although he 

•J to protect his privacy. Each week 
he received hundreds of letters, and he 
tried to answer them, especially when he 
sensed a coirespondent in distress. 
People lined the streets to see him pass 
and buses full of tourists stopped, as 
they still do today, in front of 1 10 Mercer 
Street, where the man lived who com- 
pletely revised science in our lifetime. 

Einstein became, through his inter- 
national positions, a sort of conscience 
of a world in anguish. For many he was 
one of the greatest philosophers of na- 
ture, if not the most important ot our 
time. His views of nature embodied a 
new Pythagorean approach. The harmo- 
ny of the universe sealed by beauty was 
at the center of his thinking. To achieve 
its highest realization, Einstein had to 
postulate the existence of a superior 
being or system as the creator of a uni- 
fied field of force and organizer of the 
mathematical harmony of the world. 
This concept has a pantheistic tinge and 
is very close to the thinking of Spinoza. 
Einstein himself, in reply to some ques- 
tions, stated: 'M believe in Spinoza*s 
God, who reveals himself in the harmony 
of all things, and not in a God who is in- 



terested in the actions and the destiny of 
each individual.*' 

Although he was certainly a rational- 
ist, Einstein was not an atheist. Respect 
for the thought and the history of his 
people produced in him an underlying re- 
ligious nature. He stated: ''Science with- 
out religion is lame, and reK 'on without 
science is blind." The ido^a of a God was 
always with him and he affiimed: "I 
would like to know how God created the 
worid. I am not interested in this or that 
phenomenon, nor in the spectrum of a 
chemical element. I want to know His 
thoughts, the rest is a detail." 

But in his search for universal harmo- 
ny and the esthetics of natural laws, 
Einstein never lost sight of the human 
condition and ''le importance of realities 
which are above science. He said: "Our 
times are characterized by extraordinary 
discoveries in science and its technical 
applications. Who of us is not impressed 
by it? However, let us not forget that 
knowledge and technical aptitudes do 
not lead humanity to a happy and digni- 
fied life " To Queen Elizabeth of 

Belgium, stricken by a dual grief, he sent 
a message of consolation, from which I 
quote: After all, there is something 
eternal which remains, beyond tomor- 
row, beyond destiny and human disap- 
pointments." 

Einstein was a sower and, as Saint 
Paul said, because he sowed generously 
the fruits of his activity are foiind abun- 
dantly in our thoughts and our activities. 




To be active in defense of human 
rights is to confront human issues both 
disturbing and difficuh. For almost 2 
years a committee of the National Acad- 
emy of Sciences (N AS) has s ught to de* 
velop a sustained program of human 
rights activity appropriate to its member- 
ship and its tradition of concern for the 
rights of scientific workers. 



The Academy Committee 

The Committee on Human Rights was 
chartered by the council of the academy 
and is compoe::d of seven members of 
the academy and thiee liaison members 
from the National Academy of Engineer- 
ing and the Institute of Medicine (7). Ex- 
ceptional support is given to it by the 



staff of the Commission on International 
Relations (2) The committee received fi- 
nancial support from the academy's en- 
dowment funds. 

Our activity focuses on the plight of in- 
dividual scientists, engineers, and medi- 
cal personnel ? Yering severe repres- 
sion. Such cases may onginate in the 
files of Amnesty International, with the 
initiative of a member of the academy, in 
a letter from a victim's friend or family, 
or in the informal reviews that we have 
undertaken of the fate of scientific work- 
ers in different areas. 

When a case of severe repression has 
been identified, we begin a further pro- 
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cess of inquiry that always involves con- 
sultations with a responsible spokes- 
person of the country where our col- 
league resides or is imprisoned and, 
where possible, with members of human 
rights oi^anl^^ations and scientific institu- 
tions, with a representative of the U.S. 
embassy in tb" country involved, and 
with the victim's family and friends. A 
great deal of care goes into these in- 
quiries as we try to maintain the same 
standards of evidence, balance, and 
open-mindedness that characterize aci d- 
emy assessments on scientific matters. 

When a clear-cut ase has been devel- 
oped — clear-cut in ihe sense that there is 
a strong basis (o assume that an individ- 
ual is, indeed, undergoing severe repres- 
sion — we formulate a series of requests 
appropriate to the case and prepare a 
public statement. The statement and the 
I juests are reviewed by the academy's 
12 elected councillors; when approved, 
sometimes after revision, they are made 
public. Once this is done, our committee 
tries to undertake a sustained effort in 
behalf of the aggrieved individual, com- 
bining public remciistrance with appeals 
to the concerned government, their na- 
tional academy if such exists, or other 
scientific institutiorts, and providing 
moral support to the individual and his o^ 
her family. 

A major feature of the committee's ef- 
fort is our correspondent network of 
some 350 members of the academy who 
have volunteered to receive communica- 
tions from the committee and to act upon 
them. Thus, the efforts of the committee 
are amphfied as correspondents write or 
cable governmental representatives, of- 
fer support tofamilie*?. and call attention 
to the plight of individuals within their 
professional societies, at their work- 
place, or through their mternational con- 
tacts. 

Currently, inquiries and otber efforts 
are being directed in behalf of individuals 
m II countnes, and public statements 
have been issued in behalf of 18 individ- 
uals: Federico Alvarez-Rojas. Claudio 
Santiago Bermann. Gabriela Carabelli. 
Juan Carlos Gallardo. Antonio Misetich, 
Eduardo Pasquini. and Elena Sevilla of 
Argentina; Vladimir Lastuvka and Ales 
Machacek of Czechoslovakia; Jose Luis 
Massera of Uruguay; Sergei A. Kovalev, 
Yuriy F. Orlov. and Antoliy B. Shcha- 
ranskiyof theU.S.S.R.;T. W. Kami!. 1. 
Made Sutayasa. Bu-sono Wiwoho. and 
Kamaluddin Singgih of Indonesia; and 
Ibrahima Ly of Mali. 

The last five cases, which we have just 
formally adopted, can demonstrate *ome 
of the committee's process. Tlie In- 
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donesian scientists have each been held 
incommunicado from immediate families 
and relatives for long penods jf time. 
They are representative of a much larger 
number of Indonesians (J) who also are 
being held, often without trial, without 
access to legal counsel, and without oth- 
er opportunity to have their arrest and 
detention clarified or adjudicated. 

T. W. ! amil, about 50 years old, is 
one of Indonesia's leading linguistic 
scholars from the University of Jakarta; 
he studied at the University of Michigan. 
He was arrested on 30 October 1%5 and 
has been detained since that time. He is 
reported to be held at Nusakembangan 
prison. 

I. Made Sutayasa, believed to be 
about 36 years old, was an archeologist 
employed at the N^^'ional Researcii Cen- 
ter of Archeology until 1975 when he was 
arrested in Jakarta upon his return from 
a conference of archeologists in Austra- 
lia. He has not been formally charged or 
tried; it is believed he is being held on the 
island of Bali. He is married and has four 
children and may have been a member of 
the Indonesian Communist Party before 
it was banned. 

Bursono Wiwoho, abo» t 55 years old, 
was professor of educational psychology 
at Gadjah Mada University in Jogja- 
karta, Java. Professor Wiwoho had been 
a member of the National Planning 
Board under the Sukarno government 
and at the time of his arrest in late !%5 
was chairman of the Indonesian Associa- 
tion of Scientists. He is reported to be 
either in Jogjakarta pri '*cn or detained on 
Bum Island, the location of a permanent 
resettlement camp for untried political 
prisoners. He participated in the nation- 
alist movement to gain independence 
from the Dutch, after which he studied in 
Prague from 195 1 to 1954 where he 
earned a degree in psychology. He later 
headed the psychology department of 
Gadjah Mada University in Jogjakarta 
and was a founder of the Indonesian 
Scholars Association. He is reported to 
be in poor health. 

Kamaluddin Singgih, age 47 years, 
was teaching in the department of me- 
chanical engineering at the Tech- 
nological Institute in Bandung when de- 
tained January I%6. Later that same 
year he was released to assist n flood 
control projects— only to be taken into 
custody again in January 1%7. OriginaK^ 
im|. soned in Salmba prison in Jakart« 
he is now on Bum Island. Singgih stud- 
ied physics and engineering at Stuttgart 
between 1960 and 1%! and was reputed 
to be sympathetic to the Communist Par- 
ty^ 

V6 



Our information concerning these In- 
donesian colleagues is thinner than for 
most of our cases. Three of then have 
been in detention for upwards of 12 years 
and their very isolation makes it difficult 
to obtain current information about 
them. Thus we have quietly and private- 
ly sought — so far without success— to 
obtain clarification as to their status from 
the govc.ment of Indonesia. 

We know somewhat more about Ibra- 
hima Ly, a Ph.D. in matnematics from 
Moscow State University and, until his 
arrest and imprisonment, a mathematics 
teacher at the 6cole Normale Sup^rieure 
in Bamako, Mali. He was arrested in 
June 1976 along with 14 other persons 
who were accused of writing a political 
tract that urged Malians to vote **no" in 
a referendum called by the Malian gov- 
ernment to approve a new constitution. 
He was subsequently brought to trial in 
April 1975 under charges of subversion 
against the government, found guilty, 
and sentenced to 4 years of imprison- 
ment. 

Our list of concerns does not always 
get longer. The scientific community can 
share in the satisfaction that Jaan Carlos 
Gallardo of Argentina has been released 
and is again working in physics in the 
United States and that Elena Sevilla 
should follow shortly. And among those 
cases that were resolved during the 
course of our inquiries, we note that: 

• Ismail Mohammed, who spoke out 
against segregationist policies in South 
Africa and was detained there in Septem- 
ber 1976 and fired from his university 
post, is now practicing mathematics 
again at another university. 

• Grigoriy Chudnovskiy, a gifted 
young Soviet mathematician, was per- 
mitted to leave the U.S.S.R. with his 
brother, David, who is also a mathemati- 
cian, and his elderly parents; he is cur- 
rently in the United States receiving 
treatment for myasthenia gravis. 

• Taysir al Arouri, a Palestinian phys- 
icist, who was detained for 2 years with- 
out charge or trial by the Israeli govern- 
ment, has been released; it is hoped that 
he will return to his position at Bir Zeit 
University, teaching physics and mathe- 
matics. 

• Professor **X," an African mathe- 
matician, fearful of his life if he returns 
to his country, has had his visa extended 

.emain in the United States. 

•n t of these cases, our inquiries were 
siome o/ nany such efforts and remon- 
strance . from scientific societies and in- 
dividual scientists. We can all share in 
the satisfaction of their resolution. 

But these are still the exceptions. Four 
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Ar:gentinian physicists (Alvarez-Rojas, 
Carabelli, Misetich, and Pasquini) are 
simply reported as "not registered" by 
the Argentinian government. Massera 
enters his third year in prison in Uruguay 
despite his willingness to leave the coun- 
try and take up an offer of a post in Italy. 
Kovalev enters his fourth year in prison 
despite offers from Stanford and Cornell 
for visiting posts, i . Czechoslovakia, the 
appeal by Machacek has been rejected 
and Lastuvka*s sentence has been re- 
Juced by 1 year by the Czeclioslovakian 
Supreme Court. They sti!* remain as the 
first imprisoned victims of the Charter 77 
movement, a Czechoslovakian effort to 
monitor human rights. Orlov and Shcha- 
ranskiy have been summarily tried and 
found guilty in the U.S. S R. 

As we sought to develop our program 
in our initial year of activity, we faced 
three major issues: 

Whose human rights? 

Which human rights? 

How do we act for human rights? 

Whose Human Rights? 

The issue of whose human rights we 
.ere concerned with touches on the es- 
sence of a basic qi estion that we had to 
consider: **Are sci entists special?'* After 
some months of di >cussion and reading, 
the consensus of oiir coinmittee was neg- 
ative. 

Scientists are not special, neither as 
victims nor as torturers do we deserve to 
be singled out. It is true, as the Ziman 
report {4) states, that science as an activ- 
ity has certain characteristics — a rever- 
ence for truth that leads its practitioners 
to qaery and dissent, a process of veri- 
fication that requires open dissemination 
and communication, a universality of 
discourse and goals whose common lan- 
guage and pursuits go beyond national 
borders — that may be readily seen as 
threatening to authoritarian regimes or 
even in conflict with nation-building 
goals. But the Sierra Chica prison in Ar- 
gentina is filled not with scientists but 
with young workers and students. As 
Philip Handler put it in an interview in 
Bioscience (5): 

. . . lortured shoemakers hurt quiic as hard as 
tortured scientists. Protesting only lor scien- 
tists doesn't quite fit with my ov/n beliefs 
about all of this Scientists happen lO be a 
liitle bit more visible. The world knows about 
them. The shoemakers are taken off behind 
the bam and shot. 

If we scientists are not special, 
though, why limit our human rights ac- 
tivities to our own — to scientists, engi- 
neers, and health personnel? Our answer 
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is simply: they are our own. We hope 
that other groups — trade unions, bar as- 
sociations, vvomen^s groups, and shoe- 
makers everywhere are equally or more 
active. But we will surely be more ef- 
fective in identifying victims, in docu- 
menting their cases, and in supporting 
them, if we can app'^al to that special 
quality of collegiality that we share and if 
we can use for such appeals the estab- 
lished avenues of scientific communica- 
tion. In so doing, however, we know that 
in many, if not most cases, the nameless 
victims of repression have few if any sci- 
entists among them, and in some cases, 
scientists serve with the repressors. 

Having chosen to limit our efforts to 
*'our own*' we were still left with some 
issues of definition: how far do we ex- 
tend the concept of scientist and at what 
point in a career does an individual be- 
come a scientific colleague? Our answer, 
in keeping with the universality of sci- 
ence, was to seek a similar i:niversality 
of outreach: not merely to the ^vell- 
known and well-con»iected, not only to 
ti.-* ideologically sioiilar, b'it to all vic- 
tias in science, engineering, and medi- 
cine whCiever they may be. 

It is understandable that our academy 
officers have taken the strongest possible 
position in defense of Sakharov, a for- 
eign associate of the academ> ; that as ac- 
ademicians who are well known and 
well connected we know and thus re- 
spond to the victims from our own ranks; 
or even that some of us more readily re- 
spond to v*;tims of our own personal 
ideological persuasion. But it cannot be, 
and it is not, the position of our com- 
mittee to limit our efforts to such 
cases. 

Thus we have spent a considerable 
portion of our collective energy on trying 
to extend our knowledge of the plight of 
individuals in the less-known areas of the 
world and to examine the situation in our 
own and other countries of similar ideo- 
logical persuasion. We have done so 
even at the cost of limiting our efforts m 
behalf of better-known cases, often to 
the pique and annoyance of our own 
members and colleagues. 

We are, of course, limited in just how 
well we extend ourselves. In many parts 
of the world, science is poorly developed 
and so are our contacts wiili those areas. 
And we surely miss or rationalize away 
some of the travesties of human rights m 
our own midst. But it is not for want of 
trying. 

Which Human Rights? 
In considering the s(*cond issue— 
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Which human rights?— I urge a reading 
of the Ziman report (4), It makes one 
basic point and makes it well. Beginning 
in 1945 and up to the present, a major 
international shift took place in human 
rights activity. Human rights today are 
noi ;erely moral rights, they are intc 
national legal rights. An internationa 
accepted code of human rights— eco- 
nomics, social, political, and religious — 
has been developed. Most nations have 
not ratified that code, fewer nations im- 
plement those rights, and in only one 
case, the Council of Europe, does an ef- 
fec ^e international appeals court exist 
(6). But almost all nations give lip service 
to it, and many nations have signed 
treaties that accept at least a portion of 
the evolved code. There is an inter- 
national standard for human rights. 

Using this standard is extremely help- 
ful to us in our selection process. We do 
not have to sit in judgment of our col- 
leagues now more than 12 years in In- 
donesian prison camps or 13 monthc in 
Lefertovo prison. When the Israeli gov- 
ernment says that Taysir al Arouri "in- 
cited terrorist activities" or Uru'>uayan 
officials say that Massera was found 
guilty of ^^subversit'e association'' (7) we 
do not need to make judgments that are 
clearly beyond our knowledge. It is sul 
ficient to know ihat Al Arouri has been 
detained without being tried or charged 
under so-called Jordanian Administra- 
tive Law (which is really the relic of the 
British Mandate Law and which ironical- 
ly was used to imprison many pre- 
independence Israeli patriots). A:J to 
know that Massera probably has been 
tortured and has certainly suffered phys- 
ical impairment, even though Uruguay 
has an established tradition of allowing 
opponents exile and there is a post in 
Italy for him and his wife (who is also 
imprisoned). 

Thus we draft our requests— an end to 
torture, rights to trial, to representation, 
to visitation, to courtroom observers, to 
receive and send scientific literature, to 
exile (as opposed to continued deten- 
tion), to humanitarian release (^n case of 
hardship), and to extension of existing 
amnesty, ill of these are rights implicit 
in the internationa! code. 

In requesiing compliance with the in- 
ternational code, we need not under- 
estimate the threats that nations perceive 
from dissidents: we live in a world where 
terrorism is a reality and not limited to 
national liberation or the overthrow of 
tyranny, where subversion and dissent 
may threaten all hut the strongest and 
oldest of societies. Nonetheless, the 
pnsons of the world would empty of pris- 
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oners of conscience if countries would 
adhere to the minimal rights of the Uni- 
versal Declaration of Human Rights and 
its successor documents. 

It we takv intemation: i rights serious- 
ly and try to use them effectively to re- 
fute the charge of intervention in the in- 
ternal affairs of other countries, we can- 
not choose ihem selectively. We Ameri- 
cans have an ideological bent that 
selectively equates human rights with 
certain civil and political rights, ignoring 
many other rights embodied in those 
covenants. Those who would dispute our 
right to speak out raise this issue repeat- 
edly with us. Here dre three examples. A 
member of an American scientific so- 
ciety who was born in Argentina, writes 
an open letter to the society's president 
condemning his action to protest the re- 
pression of Argentinian colleagues: 

You [the President] have called attention to 
nefarious practices in Argentina. Well. I must 
tell you that the aveiage citizen there ha^ 
more freedom in some aspects than we have 
here. Have you heard . . . that hundreds of 
ihousan'' of elderly people, and some not so 
elderly, ip certain areas of the United States 
are locking themselves up and starving be- 
cause of the fear of street violence. Our 
Amencan c»ties arc filled with men and wom- 
en like the elderly couple in New York who 
committed double suicide recently for fear of 
going out and being mugged again. Have you 
. . . written letters to President Carter about 
this shameful problem . . ^ [a] problem un- 
known in Argentina? (5). 

The Iranian representative to the 
World Bank writes: 

In spile of some 30 years of debate over this 
complex issue in the United Nations. Ameri- 
can and Western libertanin philosophy still 
regards "human rights" in a very narrow con- 
text: as essentially political, universal and 
timeless. 

But as far as the third world is concerned, 
they are largely one-sided, passive and ab- 
stract. They reflect political rights for the re- 
dress of gnevances. personal immunity for 
unlawful or unnecessary search and seizure, 
habeas corpus privileges, due process of law 
for incarceration or imposition of fines, the 
absence of cruel and inhuman punishment, 
and a host of other individual freedoms of ac- 
tion. 

But they are silent about the society's obliga- 
tion toward the individual, they say little 
about the right to employment, the right t ^ ob- 
tain a meaningful education, the right to enjoy 
a minimum of life's amenities. These "ac- 
tive" and "positive" sides (that is. society's 
obligations) are either ignored or considered 
as secondary in the roster of Western "human 
rights" (9). 

A Soviet legal expert echoes these 
sentiments: 

When they discuss human rights, many West- 
em ideologists empnasize not socioeconomic 
problems but the freedom of the individual 



Without question [these are] an essential ele- 
ment of democracy. 

All these are not enough, however, in ,ur 
view. We believe that society must also guar- 
antee the individual the right to education, to 
work, nd to material security. . . . There are 
now 17 million unemployed in the indus- 
tralized capitalist countries ... we have no 
unemployment [in the USSR] since the begin- 
ning of the thirties (10). 

1 have the impression that many hu- 
man rights activists respond to these 
concerns as if they were red herrings to 
be ignored or a rationalization for repres- 
sion and not to be crediied with serious 
attention. In my opinio i, this would be 
in error. To justify a sentence for Kova- 
lev or Orlov by the fact that we tc'crate a 
high unemployment rate in the United 
States or to excuse the thousands of kid- 
nappings in Argentina on the basis of the 
muggings that occur in the United States 
would cleariy be nonsense. But to ignore 
the substance of these challenges would 
be a serious mistake. 

The international codification of hu- 
man rights provides for economic and 
social rights as well as political rights. To 
use one of the examples cited: it is in- 
deed shameful that in the richest nation 
on earth 6 to 7 percent of the work force 
is almost always out of work, and 30 to 
40 percent of black youth seem per- 
manently unemployed. Our most ratio- 
nal goals for unemployment range from 4 
to 6 percent; in contrast, not only in so- 
cialist countries, but in many Western 
Europeaii countries, a I percent rate is 
considered a national calamity. 

Let us welcome a genuine dialogue. 
As we point out to our Soviet colleagues 
that their remarkable employment rec- 
ord IS not enhanced b> denying dis- 
sidents the right to work, let us also con- 
sider ways in which we in science and 
technology may work to enhance the 
nght of all to work, to have security in 
our cities, and to meet basic human 
needs. 

There is another view as to which hu- 
r n rights can be asserted. It is the view 
. . Sir Andrew Huxley and other British 
scientists within the Royal Society, He 
distinguishes between defense of the po- 
litical rights of dissident scientists and 
the defense of scientific rights in the face 
of intrusion of the state He notes: 

The persecutions of the present day are not 
directed against scientific doctrines or against 
scientific enquiry as such, they <iie directed 
against individual citi/e » who have had the 
courage to speak up against oppressive lea- 
tiires of the regimes under which they live 
Among these brave individuals there aie, for 
example, writers and medical men as well «is 
scientists The appropriate re«it:tion therefore 



comes from us not as scientists but as citi- 
zens; if we wish to join in some corporate pro- 
test, it should be through one whose prime 
concern is with science If a scientific body 
publicly takes a .step whose justification is po- 
litical and not scientific, it will lose the right to 
claim that it is acting purely in the defense of 
science on some future occasion when it wish- 
es to speak out against, say. a repetition of the 
Lysenko affair (II). 

\u choosi.'g the clear-cut case of Ly- 
senko and the role of some political dis- 
sidents. Sir Andrew has the advantage of 
posing the extreme cases to support his 
opinion. Unfortunately, we find it more 
difficult to grapple with the continuum of 
repression, to determine just what is sci- 
entific and what is political. To cite just 
two examples: 

• Some Argentine scientists appear to 
have been denounced, killed, or impris- 
oned because they differed on scientific 
policy with the military or were actively 
reformist in the governance of their insti- 
tute or university. 

• Many Soviet scientists who are 
cleariy political dissidents are puni:>hed 
b> manipulating the institutions and even 
the literature of sci ice: they are denied 
work, advancement, and <'**grees. and 
their works are even excised from the lit- 
erature. Pressure is brought on their col- 
leagues to acquiesce to or carry out the^e 
acts. 

r awing lines in science and human 
rights.is difficult. We presume little righ- 
teousness in the way we have drawn 
ours, but we fail to see the incongruity of 
a scientific society concerning lt^clf with 
the human condition of fellow scientists 
as well as with their scientific doctrin^' 

How Do We Act for Human Rights? 

Having chosen to speak to the intei- 
nationally agieod-upon human lights of 
individual scientists, the issue of method 
still lenuiins. How do we act in behalf of 
those rights? 

Qui major ellon h..s beer, to develop 
an approach that matches patience with 
persistence. Our committee began work 
a year prior to President Cartel's initia- 
tives, and the academy's human rights 
activities d«ite back to 1956. But we are 
sufficiently wise, oi cynical, to note how 
cyclic and fluctuating public and govein- 
nient inieiest in cuiient issues seem to 
be. Ours is a n^ition given to hyperbole, 
we I'eai that the ciusade tor human rights 
nia> go the way of the "gieat society oi 
the ''wai igainst poveity " It is irie* 
sponsible loi nien^bers of human lights 
groups to raise the hopes of victims for 
lediess and then tu;n to some othei 



ERIC 



7S 



72 



seemingly more current or pressing is- 
^ue» Thus we have tried to develop a ca- 
pability for patient, sustained, and per- 
sistent inquiry and support. 

At the same time we have had to face 
{and continue to face) various tactical is- 
sues. From lime to lime we have been 
pressed by academy members and 
friend.s toward quite differing views. One 
member stated his dilemma as follows: 

I applaud Carter's statements on human righis 
as an aspect of national policy. Will a letter 
from a lowly academic and civil servant, even 
though a member of N AS. really add anything 
to Carter's forceful statements and the NA3 
Committee declaration? Whatever it does, 
will it also be at the cost of the cordial work* 
ing relations, indeed friendships, that I have 
managed to open up over the last decade with 
a number of Soviet scientists not to mention 
the matter of field access? Or worse, will it get 
my Soviet friends in trouble'^ It is easy U) be 
for human rights \^^en you're not personally 
threatened by their loss (8). 

After much thought., this member did 
write one of the most moving letters I 
have encountered, expressing to Soviet 
authorities that it was the very respect 
and affection he had for their country 
and for his scientific colleagues that im- 
pelled him to appeal in behalf of an im- 
pri.soned colleague. 

A very different view is expressed by a 
participant in the exchange progr*im or- 
ganized by the academy: 

Our experience ai a meeting in the USSR 
shows that generalized protest is almost use- 
less. bi!» specific threats and promises can ac- 
complish a lot 

My protest is against the Academy's decision 
exert no actual pressure on the Soviets 
Therefore since the Academy is useless on 
this issue, individuals and groups of Ameri- 
can seienttsts Lave to protest against the 
Aeademv as well as against Soviet behavior 

In response to this and similar con- 
cerns, our position continues to be to 
hold to the univcisality principle, to not 
restrict '.he channels of scientific commu- 
nication in the name of trying to maintain 
«md extend them. I'hisisoui institutional 
position and it is my own. Hut il is not 
necessarily the position ol all intijvidual 
scientists. Scientific coninuinic«iuon is m 
the last analysis a voluniaiv act. like so 



.much we do. Increasingly, more and 
more scientists may withhold their par- 
ticipation in exchanges v>ith individuals 
or groups they feel are uniesponsive or 
even complicil in repressing colleagues. 
This has clearly been the response in the 
wake of the Orlov conviction in the 
U.S.S.R. His heavy sentence, closed tri- 
al, and the apparent ueatment of his fam- 
ily and friends dismayed much of the 
scientific community Individuals and 
groups, many with deep personal com- 
mitment to scientific exchange with 
the Soviet Union, canceled or delayed 
their planned trips, seminars, and meet- 
ings. 



The Distortions of Humanity, Nations, 
and Science 

How we allow the pain of th. victim 
and the cacophony of protes; to enter the 
quiet and generally well-mannered house 
of international .science is a question that 
will persist and recur. But lurking in the 
nether darkness of questions asked but 
not answered aie the most troubling of 
all issues, those raised by the profound 
distortions of hunianness. nationhood, 
and science that follow in the wake of re- 
pression 

Torture is widespiead. According lo 
Amnesty International it occurs in some 
60 nations It is not limited to the Idi 
Amms or to the secret police of the 
world , 

C T own countiy was a> used by re- 
sponsible observers of countenancing 
the use of torture and serious violations 
of human rights in South Vietnam and of 
permitting the teaching of highly ques- 
tionable .nterrogation techniques in 
countries receiving assistance in the 
training of domestic police. Because of 
the European Covenant on Human 
Rights. Britain has compensated victims 
of inhuman and degrading techniques 
used in Notthern Ireland. 

It is not clear how much technical skill 
IS needed to employ the electric shocK 
apparatus used in basement cells. And 
one Ctinnot imagine the professional 



.standards of the doctors who patch up 
the victims in silence or of the psychia- 
trists who prescribe "treatment * foi the 
dissidents they label in.sane. But surely 
they demonstiale that our scientific ethic 
IS not universal and that it fails u.s now. 
as It did when horrors were petpetrat- 
ed in scientifically run concentration 
camps. 

For scientists to be «ictive m defen**e of 
human rights is to learn and relearn what 
Rabel us knew- m 15.^2: "Science without 
conscience spells but destruction of the 
spirit** {12) 
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times." atoSdenif 27, 244 (April 1977) 

h I or a less optimistic view and excellent review 
ol the status of implementing these nghts. see 
William Korey. "UN human rights. Illusion 
and realilv." freedom at Iwue 42. 27 (.Scpteni- 
bcr-October 1977) 

7 Communications to the Committee on Human 
Rights (1977) 

X Communication to the Committee on Human 
Rights, paraphrased slightly to preserve ano- 
nymity (1977) 

9 Jahangir Amiizcgar. "Righls and wrongs. ' .\ev\ 
)ork Itnus [2^ January I97X). section IV. 
P 17 

10 Interview with Vladimir Kudryavtsev. "Humar 
lights How they are undcr'>:ood m the 
USSR." Stntet l.tje (July Kil) 

11 Kxcerpt from an address bv Andrew Huxley to 
the British Association fo' the Advancement of 
Science. August 1977 Reprinted m Chemual 
and f'nfftneenna Sens (26 September 1977). p 

12 } rang 01 s Rabelais, (t T^untuu and l\mut^ruel. 
book II. chapter S JI5U) tHcniage Press. New 
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Responding to calls for greater political involvement on the part 
of scientists in addressing contemporary social issues, several 
writers explored how scientists might become more active in 
public affairs. Several fundamental questions were identified. How 
can scientists ensure that politicians have acc^^^ to the latest research 
findings and interpretations in controversial areas at the moment 
when important public policy decisions must be made? What a'e the 
professional risks to scientists who seek to combine their expert skills 
of measurement and observation with the political world of influence 
and coalition building? And. at what point does a scientist cease to be 
a "disinterested observer" and oecome an advocate in public debate? 
Attempts to answer these questions stimulated debate and discussion 
throughout the scientific community. 

J.R. Schenken developed a set ot basic principles of responsible 
individualism that he offers as a guide for scientists entering the world 
of politics and public affairs. In the wake of the Oppenhcimer sctunty 
hearing. Schenken concludes that scientists could no longer afford the 
luxury of political celibacy. He believes that their privileged status 
created a social obligation to speak out clearly on basic concepts of 
freedom. 

Responding to the themes of technological alienation widely publi- 
cized m the late 1960s, Ji s D. Carroll suggests a way to make 
technology more responsive lO individual and social needs. His 
"participatory technology" is one means of reintegrating individual 
and group needs in the development, use. and regulation of technolo- 
gy- 
Frank von Hippel and Joel Primack explore how individual scien- 
tists can restore the constitutional balance of power between the 
public, the Congress, and the executive branch of government m 
regulating the effects of science and technology. Asserting that the 
executive branch often exploited its access to reservoirs of scientific 
expertise, they describe a series of incidents in which scientific 
advisers were used as a source of political advantage. They urge their 
colleagues to apply their talents m the public interest by acting on 
behalf of disadvantaged group:> seeking to clarify important issues of 
public health or safety involving the uses of science and technolog>. 

Reporting on public ambivalence aboui the benefits and con- 
sequences of technological development. Todd R. La Porte and 
Daniel Metlay conclude that "technological dissent" is not the prod- 
uci of a fundamental antitechnology or anti-intelleLtual bias Rather, 
it reveals a sophisticated awareness on the part of the general public 
that the social consequences of technology can produce conditions 



that threaten important social values These authors urge science 
policymakers to monitor public attitudes and beliefs to ensure that the 
public's confidence in science and technology is not eroded by a 
growing uneasiness about the consequences of scientific researcua»»1 
its technical applications. 

Edward Wenk. Jr., suggests in a 1979 editorial that while in- 
dividual scientists have important contributions to make in educating 
the public about the relationship between science and poli'ics. pro- 
fessional organizations shpuld provide direct assistance to public- 
interest activities and informa ion to citizens as part of their regular 
information dissemination functions. 

The premature release of research findings to the public can be 
counterproductive, however, as C.B. Raleigh's example of earth- 
quake prediction science illustrates. Acknowledging that seismolog- 
ists have important contributions to mak^ in fostering public aware- 
ness of potential earthquake pattems. Raleigh maintains that the 
predictive uncertainties associated with this research require that the 
information be viewed as tentative. He suggests that scientists who 
publicize erroneous or uncertain information may be vulnerable to 
litigation, even though they acknowledge the likelihood of error in 
their work. The public's right to know, he concludes, is tempered by 
the need to protect scientists from restraints that would inevitably 
result from improper public wamings. 

In a classic defense of the separation of the roles of scientist and 
citizen . Philip Handler describes distortions produced by the image of 
scientists engaged in adversarial positions in public p.ilicy debates. 
Scientists who advocate selected environmental or consumer causes, 
he argues, are doing so more as citizens than as scientists, and their 
professional jLjgments may thus become clouded by ideological 
beliefs. He concludes that scientists best serve public policy and 
public causes by living within the ethic of science, not that of politics 

Institutional actions to encourage greater political involvement on 
the part of scientists are blunted by contradictory positions on the 
appropriate role of scientists in public affairs All agree that scientists 
must provide factual information through traditional research and 
publication activities, but Uiere is dis greement about the lengths to 
which individual scientists and their scientific organizations shoulu 
go in supporting social reform efforts Ultimately, these become 
matters of individual choice, guided both by general principles of 
social and professional responsibility in science and by various politi- 
cal ideologies. — /?C 
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Scientific meetings in general, and partic- 
ularly medical meetings, are rightfully 
domit^atcd by the philosophy of Rcn€ Des« 
cartes, who provided a guiding spirit in the 
17th century when he wrote: 

I am sure that there is no one, even among those 
who make its [medicine' s] study a profession who 
docs not confess iha» all that men know is almost 
nothing in compaiison with what rcmams to be 
known. I judge there was no better provision 
against a short life or lack of experience than faith- 
fully 10 communicate to the public the little which 
1 should myself have discovered, and to beg all 
well inclined persons io proceed further and then 
to communicate to the public all the things which 
they might discove • in order that the last should 
commence where the preceding had left off. and 
thus by joining together the lives and labors of 
many, we should collectively proceed much fur- 
ther than anyone in particular could succeed in 
doing. 

But the present complicated problems of 
our world — a world in which conflicting 
ideologies threaten the very existence of 
what we call Western Civilization, and a 
world in which scientiHc specialists arc for- 
tunate to be able to meet in an atmosphere 
free from government restrictions, military 
censorship, or the security surveillance of 
secret police— call for more than a dedica- 
tion of our intellects and our 'abors to man- 
kind. 

In order that we may continue as a free 
society, every person must \ now and follow 
the basic principles of responsible in- 
dividualism that have made our present 
ichievements possible. The present tech- 
nologic era began sometime in the 18th cen- 
tury, when wealth and science were united 
amid the clamor of men and women who 
since the Renaissance had regained their will 
to be free from political and spiritual 
enslavement. 

A new man was created and mass produc- 
tion became the order of the day. The artisan 
became a specialist in labor and virtually be- 
came part of a machine In the process of this 
metamorphosis he lost much of his imagina- 
tion and creativeness. Such a man is restless 
because he has nc impelling objectives in 
life. He fears the future because his talents 
are limited; he looks to society for his rights, 
and in so doing, he is in danger of losing his 
obligations. He avoids ''travel along the 
and is attracted to the Inn," as Cer- 
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vantes puis it, where he can sit with self- 
satisfaction because he has no goal — no 
place to go. 

Ortega was proud but somewhat alarmed 
at his Spanish countryman who, instead of 
merely pointing the way, readily escorted the 
inquiring foreign visitor to the point of in- 
quiry, and thereby left a favorable impres- 
sion of extreme courtesy. Ortega wonders if 
this act was a sign of national pndc, or was it 
in reality a sign that his countryman had no 
mission in life, and therefore welcomed the 
opportunity to have one, to travel on the 
road, and not sit in the Inn. H'* uspects the 
latter has gripped the mmds many of his 
fellow men in all countries. 

That is the bnef story of the artisan who 
became a specialist in labor and some of his 
relation .ships with society. How did the sci- 
entist fare as the result of the 18th century 
marriage with wealth? A new type of scien- 
tist was eventually created He too was en- 
gulfed in the surge of technicism because his 
effectiveness in this union with wealth de- 
pended upon the degree of his specialization, 
and hence his interests b-rcame "gradually 
restricted and confined into narrower fields 
of occupation." By the late 19th century he 
found that he could not survive on the broad 
philosophic concepts as Goethe had — 
biologist, physici.st, chemist, botanist, play- 
wright, poet, producer, and for 60 years the 
chief political adviser to Kari August, Duke 
of Weimar. 

The new scientist is a specialist in science. 
Physics and chemistry have become a multi- 
tude of subspecialties. The scientist's learn- 
ing continues; his technical skill becomes 
high; but his liberal education diminishes. 
He becomes entrenched so deeply in the in- 
tricacies of his specialty that the social prob- 
lems of daily life seem unmiportant: b"* »he 
people hold him in high regard, and there- 
fore he feels compelled to express opinions 
on subjects beyond his experience. The force 
of his words upo*^ society is in direct propor- 
tion to the name he has made in his spccial- 
ir.ed field — a power so great that it is fright- 
ening. In some countries he has already paid 
a heavy price for his high position of special- 
ized learning. Of the many examples. I shall 
recall only a few. 

An Associated Press dispatch from Leip- 
zig, Germany, dated II Nov. 1933, said 



In picturesque Leipzig, University German Pro- 
fessors, in an Armistice Day meeting, appealed to 
the intelligentsia of the world today for a bcticr 
understanding of Germany. It was their way of 
urging popular support for the Nazi govcrmcni in 
tomorrow's elections. 

It is impossible to believe that these pro- 
fessors fully understood the objectives of the 
National Socialist Party of Germany, or if 
they did, they were ahieady the political vic- 
tims of demagoguery. 

Also, in 1933, a brillant scientist, a young 
man 25 years of age, who had received his 
doctorate at the University of Leipzig, "left 
Germany on the rise of Hitler." He probably 
made no public statement at that time, and if 
he I. ad, no one would have been impressed, 
but any statement he makes today is consid- 
ered impressive news throughout the world. 
His name is Edward U. Teller, ''the man 
who, by many, is considered the chief 
architect of the hydrogen bomb." 

Thes^ incidents constituted th: backdrop 
for a modem tragedy in w^ich the leading 
character was a world-renowned scientist, J. 
Robert Oppenheimer, an important member 
of an international team whose contribution 
to the worid was the technologic interpreta- 
tion of Einstein's equation. No human being 
can accurately evaluate the impact of this 
technologic interpretation upon the future of 
mankind, but the best available opinion is 
probably that of Einstein himself. When he 
was asked what weapons would be used m 
World War III, his answer was that he did 
not know, but that he did know what would 
be used in Worid War IV— sticks and stones. 

Oppenheimer was judged by a jury of his 
peers— all men of note and distinction— a 
chemist, a man of business, and an educator. 
The majority opinion judged hini a loyal 
citi/en of the United States, but unable to 
measure up to the requirements of the securi- 
ty system. With no intention to judge, but 
with only the hope to explain, it is my belief 
that their judgment was correct but their 
premise was wrong. He should have been 
found guilty only of a defection, one which 
he acquired inadvertently as a result of his 
scientific provincialism. Oppenheimer paid 
the supreme penalty of dishonor, i*n awful 
price to pay, for his subconscious vow of 
political celibacy. 

Who knows how many brilliant and poten- 
tially productive minds will be stunted for 
f;:ar of similar reprisal because they do not 
understand the true meaning of this indict- 
ment? What must be done to prevent another 
such catastrophe? Is the advice offered by 
Teller an adequate solution? 

Referring to the Oppenheimer judgment. 
Teller told William L Laurence of the New 
York Times that "scientists as a group should 
stay out of politics except in areas touching 

The aulhor is al ihc Univcrsil) oi Nebraska. College ot 
Medicine. Omaha 
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on science," Today his siaiemcni makes im- 
pressive news. Has he, too, become a politi- 
cal hermit? Should he not have warned his 
fellow scientists that such a course is fata! to 
the free life? Our founding fathers who wrote 
the Constitution of the United States and the 
Bill of Rights certainly did not sanction 
political hermitage. 

Scientists seem to have forgotten that as 
Ortega said, ''politics is much more of a real- 
ity than science, because it is made up of 
unique situations in which man suddenly 
fine's himself submerged, whether he will or 
no." 

!n a republic the politician ^^l^c s ihe will 
of the people — the majority, Dut the majority 
may accept such things as penicillin and 
television as commonplace, and yet become 
indifferent to the cause of their existence. It 
IS the minority, and not the majority, who 
challenge truth and create new concepts. 
Freedom in a republic exists only as long as 
the majority recognizes that the minority 
must be free to pursue thought, wherever it 
may lead. 

Is it not incumbent upon every one of the 
750,000 scientists of this country, and those 
in every other nation, to be able and willing 
to speak out clearly on the basic concepts of 
freedom? By virtue of the natural priKCss ot 
the years of rigorous academic selection, 
those who finally emerge as true scientists 
admittedly must have superior mmds. If the> 
will not speak out, who will'* 

Medicine was also an outgrowth of this 
technologic era — a coabtion of the physical 
and biological sciences. Again, we look with 
gratitude to Kurope — to France for the 
stethoscope and internal medic inc. immunol' 
ogy and radium, to Geniian> for the x-ra>. 
medical microbiology and pa.<iologic .itiat- 
omy, to Austria for obstetrics, to England for 
general surgery and the antibiotics, just to 
mention a few nations. All ol Europe surging 
forward — free to stud), to learn, to thmk, to 
imagine, to have ideas, an i be rewarded, 
as. in the words of Bacon. "Tlie ancients 
assigned divine honors to the authors ol in- 
ventions." 

We in America developed sIowI>. making 
most of our contributions after the beginning 
of the 20th century. 

We take particular pride in having har- 
nes.sed, through clinical patholog). the man> 
uncoordinated outgrowths of laborator> 
medicine into a cohesive unit that has be- 
come invaluable to the sick During the last 
30 years the number of clinical pathologists 
in this countr)' has increased tenfold, from 
200 to 2(X)0. Members of the International 
Congress of Clinical Pathology represent a 
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total of 14 clinical pathology societies in 12 
countries — mute testimony to the growth of 
this important specialty. 

In the United States clinical pathology 
occupies a position of such magnitude that, 
although it has not yet attained independent 
status in all schools of " Jicine, no hospital 
in the United States ca.. oc accredited by the 
Joint Commission on Accreditation and no 
hospital approved for intern or resident train- 
ing without an adequate clinical pathologic 
service. 

Medicine and its broadest subspecialty, 
clincial pathology, are truly the products of 
the free minds of many lands, who "by join- 
ing together the lives and labors of many," 
have made this meeting possible and the 
worid a much better place in which to live. 

We are indeed fortunate that whatever 
may be revealed in the field of medicine wilt 
be free for the use of all mankind, regardless 
of political affiliations, religious con- 
victions, or national boundaries. Medicine 
does not hoard its achievements. No true 
physician has ever patented a medical dis- 
covery. No one has ever denied its use by 
friend or enemy, only armed conflict be- 
tween nations with differing political beliefs 
has ever imposed restraints upon the results 
of medical investigation. Fvcn then, the in- 
dividuals who wager! war, who were ene- 
mies only by accidert, ministered to the • ick 
and wounded, whether they were friend or 
foe. 

But what assurance do wc have that medi- 
cine will continue to remain outside the do- 
main C'f security regulations, secret police, 
political restraints, and the like? 

In countnes outside the iron curtain, even 
where varying degrees of government con- 
trol hover over medical practice, there are 
r A rcstr. ints upon the individual ph>sician 
who seeks truth wherever he may find it. and 
gives freely of his labors to mankind. The 
only assurance wc can have that this privi- 
lege to serve will continue is an enlightened 
citizenry who understands the princr)les of 
individual liberty and creativeness, 

Becau.se of the intimate contact with th'' 
ills of men, physicians have gamed an en 
able position of respect and confidence 
among men. This trust obligates them to be- 
come disciples of the phi. yop\\) of in- 
dividual freedom in order that patients do not 
become apathetic to the cause of the miracles 
of modem medicine 

Are physicians capable of accepting this 
responsibility? Or will they become political 
eunuchs? To wh")t degree has S|-eciali/ation 
forced the physician to abandon a continuing 
pursuit of a liberal education and led him 




into the false security of political and 
scientific provincialism? 

In order to answer these questions it may 
be well to review the educational back- 
ground of the average medical man m the 
United States. A tabulation of the premedied 
educational requirements for admission to 78 
schools of medicine in this country shows an 
alarming degree of concentrated training in 
the sciences. Approximately four times as 
many semester hours are required in science 
subjects as are required in the humanii.es. It 
is of more than passing significance, and I 
believe planned foresight, that only one 
school in the United States requires more 
hours of study in the humanities than in the 
sciences. That school is Meharrry Univer- 
.ity, whose student body is composed entire- 
ly of Negroes. 

Add to the premedical schooling 4 more 
years of medical education, I year of intern- 
ship, and 3 to 4 yean> of resident training in a 
medical specialty, and 2 years in ihe mili- 
tary, also ill medicine, and you have a super- 
saturated, learned young man, 31 to 33 years 
of age, with almost pure scientiilc instruc- 
tion throughout 14 oi the most formative 
years of his intellectual growth. One saving 
factor IS that lie is intimately exposed to peo- 
ple i»nd Ilieir problems — more closely than 
any other man. w th the possible exception 
of the clergyman 

Pathologists have a solemn role in medical 
education, whetner it is for nurs.'s, mjdical 
technologists, medical students, interns, 
residents, or the medical staff In this role 
hes the opportunity to broaden the educa- 
t inal base of medicine, in order to preserve 
the right of every physician to continue his 
scientific pursuits unhampered lest we be- 
come so engrossed in our c ^n special field 
that we forget to look after the common 
good. 

We must reject the philosoph) of self- 
content, expressed by Hegel m 1831, but 
which IS still heard in our day 

Let us content ourselves with what we have 
been allowed to achieve under the pressure of the 
circuiiisiances u J with the bi whether 
anud the loud tiarr. 'ur of the da>, .here is left any 
room for synipalhy. with the passrinless slillnes-, 
of the science of pure thoughi 

We can and must meet the challerii-.c of the 
janiceps ot modern living — the science of 
the daily liic as well as the science of pure 
thought 
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In recent decades the Idea of the 
alienation and estrangement of man 
from society has emerged as one of the 
dominant ideas of contemporary social 
thought. While interpretations of the 
concept of social alienation vary, Etzi- 
oni (/) has expressed the core of the 
idea as "the unresponsiveness of the 
world to the actor, which subjects him 
to forces he neither comprehends nor 
guides. . , , Alienation ... is not only 
a feeling of resentment and disaffec- 
tion but also an expression of the ob- 
jective conditionL which subject a per- 
son to forces beyond his understanding 
and control." 

There is considerable speculative and 
observational testimony and some em- 
pirical evidence (2) that the scope and 
complexiti^ of science and technology 
are contributing to the development of 
social alienation in contemporary so- 
ciety. Keniston (^"^ for example, sug- 
gests that techi L^y and its effects 
have been a factor in the alienation of 
many young peop'e. At the same time 
he notes that the attitude of many 
young people toward technology is 
ambivalent because revolt against the 
effects of technolo^j must inevitably 
exploit the technology it opposes. In a 
different vein, De Jouvenel (4) has 
testiiled to the adverse psychological im- 
pact of scientific and technological com- 
plexities on sustaining general confi- 
dence in one's judgment. "Because sci- 
ence saps such individual confidence, 
we have a problem, which I feel we can 
meet but which it would be imprudent 
to deny." In a more general observa- 
tion Mesthene (5) recently has referred 
to "the antitechnology spirit that is 
abroad in the land." 



Participatory Teclinology 

In this article I analyze the incipient 
emergence of parti Mpatory technology 
as a countervailing force to technologi- 
cal alienation in contemporary society. 
J interpret participatory technology as 
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one limited aspect of a more general 
search for ways of making technology 
more responsive to the felt needs of 
'he individual and of society. The term 
participatory technology refers to the 
inclu:,Ion of people in the social and 
technical processes of developing, im- 
plementing, and regulating a technol- 
ogy, directly and through agents under 
t'leir control, when the people included 
assert that their interests will be sub- 
stantially affected by the technology 
and when they advance a claim to a 
legitimate and substantial participatory 
role in »ts development or redevelop- 
ment and implementation. The basic 
notion underlying the concept is that 
participation in the public development, 
use, and regulation of technology is one 
way in which individuals ana groups 

technological processes and develop op- 
portunities to influence such processes 
in appropriate cases. Participatory tech- 
nology is not an entirely new social 
phenomenon, but the evidence reviewed 
below suggests that its scope and im- 
pact may be increasing in contempo- 
rary society. 

I first analyze several facts of which 
people are l>ecoming increasingly 
aware that suggest why participatory 
technology is emc.-ging as a trend, and 
I then analyze different forms of this 
trend. Finally, I evaluate some of its 
implications. 



Underlying Realizations 

One primary reason for the emer- 
gence of participato-y technology is the 
realization that technology often em- 
bodies and ex .resses political value 
choices that, in their operations and 
effects, arc binding on individuals and 
groups, whether such choices have been 
made in political forums or elsewhere. 
In the language of contemporary po- 
litical science, by "political value 
choices" I mean choices that result in 
the authoritative allocation of values 



and benefits in society. In its most sig- 
nificant forms politics culminates in 
the determination and expression of 
social norms and values in he form 
of public law, public order, and gov- 
ernmental action. To an indeterminate 
extent, technological processes in con- 
temporary society have become the 
equivalent of a form of law — that is, 
an authoritative or binding expression 
of social norms and values from which 
the individual or a group may have no 
immediate recourse. What is at issue 
in the case of the computer and privacy, 
the supersonic transport and noise 
levels, highway development and the 
city, the antiballistic missile and na- 
tional security, and the car and poilu- 
tion is the authoritative allocation of 
social values and benefits in technologi- 
cal form. 

The second realization is a correla- 
tive of the first. Technological processes 
frequently are the de facto locus of 
political choice. They are often political 
processes i.n which ibbues are posed and 
re-olved in technical terms. In the ab- 
sence of annrr.nriptely structured po- 
litical processes for identifying and de- 
bating the \aljc choices implicit in 
what appear to be technical alternatives, 
technical processes become, by default, 
the locus of political value dei^ibiuiib. 
In the context of a concern for the en- 
vironment, technical questions of waste 
disposal systems involve value choices. 
In ihc context of a concern for urban 
development, technical questions of 
highway location and de/elopment in 
volve value choices. In t^ e context of 
a concern for privacy, technical ques- 
tions of data collection and retrieval 
involve value choices. Technological 
processes often embody significant 
value questions that are difficuK to 
identify and resolve in public forums 
because the processes arc technically 
complex and occur in administrative 
organizations to which citizens do not 
have easy access. 

Third, there is the realization that 
the public order of industrial society 
is not particularly well structured for 
identify. iig, publicizing, and resolving 
in public forums political questions 
implicit in technological processes. The 
public order of industrial society is 
founded on, and perpetuates, values, 
compromises, and perceptions that are 
being rendeiwd obsolete by transforma- 
tion of the social and political condi- 
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tions from which they were derived. 
The public order of industrial society 
preeminently expresses perceptions of 
material need and the values of eco- 
nomic growth — perceptions and values 
rooted in the experience material 
want and economic insect of past 
generations. Because of Xhj develcn- 
ment of powerful technologies of pro- 
duction, and because of other factors, 
these perceptions and values, as em- 
bedded and expressed in public institu- 
tions and processes, do not encompass 
tl total area of conc^m, which is ex- 
f ng to include the quality of the 
environment, race, urban development, 
population growth, educational oppor- 
tunity, the (direction of technology, and 
other matters. Established means of 
structuring and expressing political con- 
cern themselves often border on ob- 
solescence, because they are often 
based on geographical and functional 
jurisdicti' ns that are unrelated to the 
issues on which the public must take 
action. If these jurisdictions were other- 
wise defined — for example, were de- 
fined to include an entire metropolitan 
area — they might provide the structure 
for more effective representation of di- 
verse views and might facilitate public 
action through bargaining and trade- 
offs. 

Today, in the face of population 
growth and technological complexity, 
legislative bodies, except in unusual 
cases such as 'hat of the antiballistic 
m-ssile, delegate to administrativ^e 
agencies the responsibility for regulat- 
ing, developing, and controlling tech- 
nology. The general objectives of these 
adm'n'strativc agencies involve mixed 
questions of value and technique, and 
the agencies resolve such questions in 
terms of their bearing on realization 
of the general ob-ectives. Ofien the 
general objectwes further the interests 
of individuals and g'-oups allied with a 
particular agency. To the Department 
of Defense the question of the desir- 
ability of developing, maintaining, and 
transporting chemical and biological 
agents is primarily a matter of national 
defense policy. It is not primarily a 
question of the humaneness of such 
agents, or of thtir ultimate effects on 
the environment, or of their value or 
threat to man in contexts other than 
that of national defense. 

By defauh, the responsibility for 
scrutinizing mixed questions of tech- 
nology and va?ue from the perspective 
of societal well-being often passes to 
special-interest groups and to indi\ jals 
Q who may or may not be in a position, 
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or be well equipped, to learn of and to 
influence such decisions. This is one 
aspect of the more general phenomenon 
of the devolution of authority from 
public representatives and administra- 
tors to "private" groups and individuals 
in contemporary society. ^ 

Fourth, there is the realization that, 
in contemporary society, political ac- 
tion directed toward the achievement of 
political value objectives, such as the 
production of 2.6 million housing units 
a year, often depends on the ability to 
translate the desired objective into 
technical tasks. Marcuse (6) observes 
that *'the historical achievement of 
science and technology has rendered 
possible the translation of values into 
technical tasks — the materialization of 
values. Consequently, what is at stake 
is the redefinition of values in techni- 
cal terms, as elements in the technolog- 
ical process. The new ends, as technical 
ends, would then operate in the project 
and in the construction of the ma- 
chinery, and not only in its utilization 
[emphasis in the original]." 

To a considerable extent, the achieve- 
ment of more effective processes of 
education, housing, delivery of health 
care, postal service, public safety, and 
urban development depen^I^ on the po- 
litical and technological capacity of 
contemporary society to agree on, and 
to translate, value objectives into tech- 
nological acts. Traditional legislative 
declarations of intent are not sufficient. 
The fjstablishment of a right to a decent 
home in a suitable environment re- 
quires more than a legislative act de- 
claring that such a right exists. It also 
depends on the development of techni-. 
cal capability to translate the right into 
reality. 

This does not mean that, in the form- 
i Nation of political objectives, a tech- 
nological, problem-oriented mode of 
thought must replace humanistic, intui- 
tive, moral, and other modes of thought. 
It means that other modes of thought 
often depend for realization in public 
life and action on their expression in 
technical form, and that the develop- 
ment and control of that form is itself 
a political value-oriented act. 

Fifth, there is the realization that the 
status enjoyed hy technology as an 
ag-nt for both bringing about and legiti- 
matizing social ^hsnge contributes to 
the growth of participatory technology. 
There is a tendency, stressed by Ellul 
(7), Rickover (5), and others, for con- 
temporary man to accept change in 
technological form as inevitable and 
irresistible. In some cases, new tech- 



nclogies probably aie accepted because 
of the specific results they produce for 
the individual, such as the mobility that, 
under some conditions, is made possible 
by the automobile. But there seems to 
be an additional social, psychological, 
and economic element at work — what 
Ellul calls "technological anaesthesia" — 
that generates acceptance of technolog- 
ical innovation irrespective of the par- 
ticular effp ts that may resuh. Many 
people seem willing to use cars in urban 
areas even though such use may con- 
tribute little to mobility and may ad- 
versely affect the environment and 
health. It seems paradoxical but true 
that, while some changes in institutions 
and behavior are strongly resisted, other 
changes often are readily accepted when 
a technological element in the situation 
is the agent of charige. 

Participatory lechno'agy is one 
limited way of raising questions about 
the specific technological forms in 
terms of which social change is brought 
about. It is directed toward the de- 
velopment of processes and forums that 
are consistent with the expectations 
and values of the participatory individ- 
uals, who may resort to them in the 
absence of other means of making 
their views known. In participatory 
techn ^lofiv, however, as in other parti- 
cipatory processes, the opportunity to 
be heard is not synonomous with the 
right to be obeyed. 

I here analyze three kinds of activi- 
ties to illustrate some of the empirical 
referents of the concept of participa- 
tory technology. 

Litigation 

The first is the citizen lawsuit, di- 
rected toward the control and guidance 
of technology. As Sax (9) indicates, 
'The citizen-initiated lawsuit is . . . 
principally an effort to open the de- 
cision-making process to a wider con- 
.itueiicy and to force decision-making 
into a more open and responsive forum. 
, . . [The] "ourts are sought oult as an 
instrumentality whereby complaining 
citizens can obtain access to a more 
appropriate forum for decision-mak- 
ing." 

The courts, of course, rely heavily on 
adversary proceedings, various foims 
of which have been suggested {10) as 
appropriate lor handling scicntinc and 
technological issues involving the public 
interest. Not on'y can litigation restrict 
the use of technology, it can also lead 
to the modification and redevelopment 
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oi existing technology and stimulate the 
development of new technology to satis- 
fy social values expressed in the form 
of legal norms, such as a right to 
privacy 

The legal response to cases involving 
technology has taken two forms. The 
first is an extension of those aspects of 
the legal doctrine of standing which 
determine who has a right to be heaiJ 
in court on particular issues involving 
activities undertaken or regulated by 
public agencies. The second is a search 
by legal scholars, practicing lawyers, 
and judges for systems of conceptual 
correspondence in the terms of which 
scientific and technological develop- 
ments and activities can be conceptual- 
ized and evaluated as changes in social 
values and norms that may warrant a 
legal response. The appropriate role of 
law in the regulation of genetic experi- 
mentation is an example. 

An extension of the doctrine of 
standmg has occurred in several recent 
cases involving technology, although the 
extension is not limited to such cases. 
In the words of the United States Su- 
preme Court (//), "The question of 
standing is related only to whether the 
dispute sought to be adjudicated will 
be presented in an adversary context 
and in a form historically viewed as 
capable of judicial resolution." The 
basic question is **whether the interest 
sought to be protected by the com- 
plainant is arguably within the zone of 
interests to be protected or regulated 
by the statute or constitutional guaran- 
tee in question" (72). The question of 
standing is a question not of whether a 
party s lould win or lose but of whether 
he should be heard. 

The current extension of the doc- 
trine is sometimes called the "private 
attorney general" concept. Undei this 
concept a private citizen is allowed to 
present a case as an advocate of the 
public interest. A leading case is Scenic 
Hudson Preservation Conference v. 
Federal Power Commission (/i), de- 
cided by the Second Circuit of the 
United St-'^s Court of Appeals on 2S 
December 1965. On 9 March 1965 the 
Federal Power Commission granted a 
license to Consolidated Edison Com- 
pany to construct a pumped storage 
hydroelectric project on the west side 
of the Hudson River at Storm King 
Mountain in Cornwall, Hew York. A 
pumped storage plant generates electric 
eneigy for use during peak load 
periods by means of hydroelectric units 
driven by water from a headwater pool 
O reservoir. The Storm King Project, 
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as proposed by Consolidated Edison, 
would have required the placement of 
overhead transmission lines on towers 
100 to 150 feet (30 to 45 meters) high. 
The towers would have required a path 
some 125 feti wide through West- 
chester and Putnam counties from 
Cornwall to the Consolidated Edison's 
facilities in New York City — a distance 
of 25 iiles (40 kilometers). The peti- 
tioners were conservation and other 
groups and municipalities who claimed 
that the project, as designed by Con- 
solidated Edison and as approved by 
the Federal Power Commission, would 
destroy the character of the land and 
the beauty of the area. 

The Federal Power Commission 
argued, among other things, that the 
petitioners did not have standing to 
obtain judicial review of the legality of 
the license because they "make no claim 
of any personal economic injury re- 
sulting from the Commission's action." 

The Court of Appeals held that the 
petitioners were entitled to raise the 
issue of the legality of the license and 
t**e licensing nror<»Hnre ever! though 
they might not have a personal eco- 
nomic interest in the question. The 
court reasoned that a citizen has an 
interest in actions that affect the nature 
of the environment, and that this inter- 
est is arguably withi' the zone of 
interests that £re or should be protected 
by law. On the merits of the case, the 
court held that the Federal Power 
Comm'ssion was required to give full 
consideration to alternative plans for 
the generation of peak-load electricity, 
including a plan proposed by one of 
uie petitioners for the use of gas tur- 
bines. 

The Scenic Hudson case is significant 
because it set a precedent for the en- 
largement of the opportunity of citizens, 
acting as citizens and not as private 
parties, to secure judicial review of the 
actions of public agencies, and of 
actions of the interests these agencies 
oft-n regulate, in cases in^'olving tech- 
nology as well as other matters. The 
decision supports the proposition that, 
in certain ^ases, citizens will be recog- 
nized in court as aclvacr.-^s of a public 
interest, on the grounds that, as mem- 
bers of the public, they have been or 
may be injured 1 the actions com- 
plamed of. They need not claiui that 
they have been or will be injured eco- 
nomically or otherwise as private per- 
sons (14). 

The development of the "private at- 
torney general" concept does not mean 
that substantive changes will auto- 
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matically occur in the constitutional, 
statutory, and common law doctrines 
that regulate rights and duties pertain- 
ing to the develop.Tient and use of 
science and technology. The work of 
analysts in the areas of law, science, 
and technology — analysts such as Pat- 
terson (75), Frampton (76), Cowan (77), 
Miller (75), Cavers (79), Mayo and 
Jones (201 Korn (27), Green (22), 
Ferry (25), Wheeler (241 and others 
(25) — indicates the difficulties of de- 
veloping systems of conceptual cor- 
respondence between scientific and tech- 
nological developments and legal con- 
cepts and doctrines. 5>cicntf<^c, tech- 
nological, and legal systems often 
further different values and serve differ- 
ent purposes, and the recnciliation of 
conflicts in these values and purposes 
is only in part a juridical task. The 
"private attorney general" concept, 
however, does invite more active judi- 
cial scrutiny of such conflicts and may 
contribute to substantive changes in 
leg.J doctrine in the future (26) in areas 
such as the computer and privacy; air 
nnH water supply and pollution, noi^e 
control; n.edical, genetic, and psycho- 
logical experimentation; drug testing 
and use; nuclear energy and radiation; 
food purity and pesticides; and the con- 
trol and handling of chemical i»nd bio- 
logical weapons. 

While the legal form of citizen par- 
ticipation in the control and develop- 
ment of technology has severe limita- 
tions because it tends to be (i) reactive 
rat* er than anticipatory, (ii) controlled 
b} re irictive rules of evidence, and 
(iii) subject to dilatory tactics, litiga- 
tion has proven, over time, to be a 
significant element in the efforts of in- 
dividuals and groups to influence the 
processes and institutions that affect 
them. 



Technology Assessment 

A second form of participatory tech- 
nology comes within the scope of exist- 
ing and proposed processes of "tech- 
nology assessment." While the concept 
of technology assessment can be inter- 
preted to include the kinds of legal 
action I have discussed (27), the term 
usutilly iS used to refer to activities thit 
are somewhat more anticipatory in na- 
ture and broader in scope. 

To some extent "te( nnology assess- 
ment" is a new la'-el for an old activity 
— the attempt to comprehend, and to 
make informed decisic.is about, the im- 
plications of technological development. 
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The movement to formalize and im- 
prove this activity in a public context 
was initiated in 1967 by Senator Ed- 
mu'.id Muskie (28) in the Senate and 
by Representative Emilio Q. Daddario 
(29) in the House of Representatives. 
This movement has successfully directed 
attention to some limitations in the way 
technological questions are currently 
considered in the American system of 
politics and government, 

"Technology assessment" was defined 
in the bill introduced by Daddario in 
the House of Representatives on 7 
March 1967 as a "method for identify- 
ing, assessing, publicizing, and dealing 
with the implications and effects of ap- 
plied research and technology." The 
bill asserted that there is a need for im- 
proved methods of "identif>ing the po- 
tentials of applied research and tech- 
nology and promoting ways and means 
to accomplish their transfer into practi- 
cal use, and identifying the undesirable 
by-products and side effects of such 
applied research and technology in ad- 
vance of their crystallization, and in- 
forming the public of their potential 
danger in order that appropriate steps 
may be taken to eliminate or minimize 
them." 

The Si^engths and weaknesses of vari- 
ous forms of existing and proposed 
technology assessment are extensively 
analyzed in the hearings conducted by 
the Muskie (30) and Daddario (31) sub- 
committees; in the studies undertaken 
for the Daddario subcommittee bv the 
National Academy of Sciences (32). the 
National Academy of Engineering (33), 
and the Science Policy Research Di- 
vision of the Legislative Reference 
Service (34): and in related analyses, 
such as those made by the Program of 
Policy Studies in Science and Tech- 
nology of George Washington Univer- 
sity (351 

In these hearings and reports, citizen 
participation in technology assessment 
is both described and advocated. The 
analysis by Coates (36) of 15 case his- 
tories of technoloay assessments identi- 
fies one case that involved direct citizen 
participation — the examination of con- 
sumer products undertaken by the Na- 
tional Commission on Product Safety, 
^vhich was established by Congress on 
20 November 1967. In 1968 and 1969, 
the commission investigated the safety 
of such products as toys and children's 
furniture, architectural glass, power 
mowers, power tools, glass bottles, and 
aerosol cans. Citizens testified before 
the commission and directed the com- 

ERLC 



mission's attention to various incidents 
and problems. Coates observes that 
citizens participated in this particular 
as:»essment because the experience of 
members of the public with various 
products was itself part of the subject 
matter of the inquiry. There was no 
direct citizen participation in the other 
assessments examined by Coates, but 
th^ subject matter of several of the as- 
sessment prv/cesses .uggests that some 
form of citizen contribution, either di- 
rect or through representative inter- 
mediaries, would have been appropri- 
ate. This is true, for example, of the 
assessments of environmental noise, and 
of future public transportation systems 
of advanced type. 

In his written testimony submitted to 
the Daddario subcommittee. Mayo (37) 
stresses the impo tance, in assessment 
processes, of direct participation or 
representation of persons affected by a 
technology. He emphasizes the fact that 
technology assessment has a dimension 
be>ond the identification and analysis 
of the impacts of technoloav. This is 
the dimension of evaluation of the so- 
cial desirability or undesirability of 
such impacts. Since different segments 
of the public may view the impacts :n 
various w.iys .is honpficial or detri 
m,*ntal, comprehensive evaluation is 
difficult without direct inputs from such 
segments. While special-interest groups 
can be relied on to express their views, 
the> cannot safely be reganJed as rep- 
resentative of thL views o." all major 
segments of the ;--*biic that may be con- 
cerned. 

Of the various hearings and reports 
generated by the Daddario su' ammit- 
tee, the report of the technology assesi- 
inent panel of the National Academy of 
Sciences places the greatest emphasis on 
citizen participation and representation. 
This panel asserts that legislative au- 
thorization and appropriation processes 
are inadequate as technology assess- 
ment processes because legislative pro- 
cesses frequently consider only the con- 
tending views o/ well-organized inter- 
est groups and often tlo .iOt direct at- 
tention to long-range consequences. 
The panel further argues that, while 
technology assessment occurs in indus- 
try and in government agencies, with 
few exceptions the basic questions con- 
sidered concern the probable economic 
and institutional effects of a technology 
on those who are decidii g whether lo 
exploit it. Existing processes fail to give 
adequate weight to "the full spectrum 
of human needs" because not enough 
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spokesmen for diverse needs have ac- 
cess to the appropriate decision-mak- 
ing processes.. 

In the judgment of the panel, exten- 
sive citizen participation and representa- 
tion in the assessment process is nec- 
essary *^oth for practical reasons and 
for reasons of democratic theory. There 
are two practical reasons. First, citizen 
participation in the early stages of the 
development of a technology may help 
to avoid belated citizen opposition to a 
technological development after heavy 
costs have been incurred. Second, "ob- 
jective evaluation" is impossible unless 
the diverse views of interested parties 
have been considered. On the level of 
political theory, the panel suggests that, 
in a democratic framework, it is nec- 
essary to consider the views of those 
who Will t)e affected by a particular 
course oi action. 

The National Academy of Sciences 
panel explicitly acknowledges that tech- 
nology assessment in some of its 
aspects is a political process becaus;; it 
involves questions of value (?2^ n R'\y 
*'We can hope to raise the level of po- 
litical discourse; we must not seek to 
elimmate it." The panel concludes (i2, 
pp. 84 ..\nd 87> that there is a "need to 
nppnmnnriy any new ^ssessT'sit '^ec^ 
anism with surrogate representatives or 
ombudsmen to speak on behalf of in- 
terests too weak or diffuse to generate 
effective spokesmen of their own. . . . 
Means must also be devised for alert- 
ing suitable representatives of interested 
groups to the fact that a decision po- 
tentially affecting them is about to be 
made. . . . Whatexer structure is chosen, 
it ,».ouId proxide well-defined channels 
thro.tgh which citizens' groups, private 
associations, or surrogate representa- 
tives can make their views hnown. . . . 
// is particular iy important to couple 
improved assessment with improved 
mcihod\ of representing weak and 
poorly organized iterest groups'' [em- 
phasis in the original]. 

As the National Academy of Sciences 
report states, and as Folk (38) stresses, 
to be effective technology assessment 
must function as part of the political 
process. What is at issue is the distri- 
bution and exercise of a fonn of de- 
cision-making power over technology. 
New technology assessment processes 
and structures probably would open de- 
cision-making processes to ? wider con- 
s'.Uuency than now exists, and might 
change the distribiition of p(,wer over 
some decisions involving technology. 
At the very least, new processes and 
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structures might make it difficult for 
those accustomed to making technologi- 
cal decisions to do so without the 
knowledge of many vither concerned 
people. It is doubtful ;hat new assess- 
ment processes would oe regarded as 
neutral either by those who now dom- 
inate technological decision-making 
processes or by those who might dis- 
agree with the results. Even though 
every effort were made to analyze 
questions of value as dispassionately as 
possible, or to exclude such questions 
entirely from assessment processes, dis- 
satisfied parties almost certainly would 
attack the results and seek to offset 
them by other forms of political action. 

Persuasion, bargain- and trade-offs 
in values are at the heart of political 
processes. Whether elective as^^essment 
can or should attempt to avoid these 
processes is questionable. Because tech- 
nology assessment is to some extent a 
political process, the participation or 
representation of citizens may be noi 
only desirable from the perspective of 
democratic theory but also necessary in 
political practice. Even such participa- 
tion may not assure the effectiveness 
of the process in a larger political con- 
text. 



Ad H<h: Activity 

A Ihird form of participatory tech- 
nology encompasses a variety of ad 
hoc activities of individuals and groups 
beyuid the scope of structured pro- 
cesses of litigation and asst smcnt. This 
form includes activist intcllcctualism of 
the sort undertaken by Car>on (i9). 
Nader (40), and Commoner {4I)\ quasi- 
ofticial action of the kind undertaken 
by Congressman R. D. McCarthy con- 
cerning chemical and biological war- 
fare (42); political and informational 
activities- (4 't of the sort undertaken by 
such gn ps as the Citizens' League 
.Against the Sonic Boom, the Scientists' 
Institute for Public Information, the 
Sierra Club, Friends of the Earth, and 
Zero Population Growth: and spon^d'c 
activities of loose coalitions of indi/id- 
uals and groups energized by particular 
situations and issues. 

Rather than attempt to survey such 
ad hoc activities, I here briefly de- 
scribe and analyze an example of abor- 
ti\e participation that occurred in 1967 
and 1968 in le initial efforts to de- 
velop a new town on the site of Fort 
Lincoln in Washington, D.C. (44). In 
some ways the Fort Lincoln ':xample 
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in processes of citizen participation in 
urban development. In other ways the 
case is distinctive because the primary 
purpose of the Fort Lincoln project was 
to demonstrate 01 i national basis the 
potentials of technological and admin- 
istrative innovation for urban develop- 
ment. 

On 30 August 1967, President John- 
son publicly requested several members 
of his administration and of the gov- 
ernment of the District of Columbia 
to begin at once to develop a new 
comm.urilty on the site of Fort Lincoln, 
which consists of 345 acres of nearly 
vacant land in the northeast section of 
Washington, D.C. The President ex- 
plained the purpose ot the project as 
the development of a community that 
would demonstrate the potentials of ad- 
ministrative and technological innova- 
tion in urban development. The Fort 
Lincoln project was conceptualized as 
the leading project in a national pio- 
gram to develop '*new towns inrown" 
on federally owned land in various 
cities throughout the country. 

On 25 January 1968, Edward J. 
Logue, who had achieved national 
recognition as an urban development 
administrator in New Haven and Bos- 
ton, wa^ ret;i »pH 05 principal dcelcp- 
ment consultan* for Fort Lincjln. In 
the following 10 months, Lcf^ue and his 
assoc'ates developed an ambitious and 
innovative plan (45) that wa^ based on, 
among other things, a thorough analy- 
sis (46) of the potentials for techno- 
logical innovation in the development 
of Fort Lincoln and on a proposal {47) 
for c n innovative educational system 
for the new community. 

Fort Lincoln was a federal urban re- 
newal f.oject. Some form of citizen 
particip ition in urban renewal projects 
IS reqi'.red by law. Loguo and the gov- 
ernment officials involved in the Fort 
Lincoln project had had extensive ex- 
perience with citizen participation in 
other urban development projects, in- 
cluding a model cities project in Wash- 
ington, D.C. In d.wcloping the plans 
for Fort Lincoln, they made extensive 
ciTorts to lashion a participatory struc-. 
ture that would be acceptable to the 
citizens of the northeast section of 
Washington. Foi the most part they 
tailed. Political activists in the area 
perceived tl ^ technicai planni.ig pn> 
cess as the locus of political oppor- 
tunity and choice concerning such ques- 
tions as the number of lou -income 
families to be housed on the site. Al- 
though these activists disagreed over 
who could speak for the citizens, they 
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agreed that the residents of the area 
should be granted funds to hire pro- 
fessionals to participate v/ith and for 
them in the technical planning and de- 
velopment processes. At one point the 
Department of Housing and Urban De- 
velopment oifered to grant money for 
this purpose to the council that repre- 
sented the c'tizens, but for various 
reasons the council rejected the offer. 

The Nixon Administration suspended 
development of Fort Lincoln in Sep- 
tember 1969, pending further study. 
One analyst (48) has argued that the 
project was suspended because neither 
federal nor local officials believed that 
the development plan was either tech- 
nologically or politieally feasible. Other 
analysts (49) have suggested that the 
project was suspended because mem- 
bers of the Nixon Ac.ninist ration re- 
garded it as a personal underta!;ing of 
President Johnson's and as an example 
of the overly ambitious social engineer- 
ing activities of "the Great Society." 

The struggle over citizen participa- 
tion diminished support for the proiect 
in the neighborhood and among its po- 
tential supporters in other areas of the 
cit\. No strong political constituency 
favored the project. The Nixon Admin- 
istration rnnlH nnd Hid <;iKnenfJ it vtjth 
out antagonizing any strong or vocal 
interest group. 

Fort Lincoln is one example of the 
extent to which technical planning and 
development processes can become the 
locus of political conflict when these 
processes are perceived as the de facto 
locus of political choice. It is also an 
example of some of tne difficulties that 
can arise in the course of efforts to 
reconcile the dictates of administrative 
and technological reasoning with the 
dictates of the political thinking of par- 
ticipating indiv'iduals in particular situ- 
ations. 



Problems 

Like many other participatory pro- 
cesses, participatory technology raises 
qiie> /ons about the adequacy of the 
theory and Practice of representative 
government. 

According to traditional theories of 
American public life, citizeiis should ex- 
press their demands for public action 
to t.ieir political and governmental rep- 
resentatives. Conflicting demands 
should be reconciled by persons elected 
or appointed to policy-making positions 
in which they are publicly accountable 
for their actions. Administrative and 
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technical processes are not, in theory, 
the appropi. ae locus for the exercise 
of political influence and the reconcilia- 
tion of political conflicts, because these 
processes are not usually structured as 
open political forums, and because most 
administrators and technical people are 
not directly accountable to electorates. 

This theory of government is a pre- 
set iptive rather than a descriptive one 
It does not correspond well with the 
realities of the exercise of political 
pov\er in and through administrative 
and technical activities. Among other 
things, increases in population, the ex- 
pansion of the public sector, and the 
increase in technological complexity 
have changed the number anj, to some 
extent, the nature of demands and 
possibilities for governmental action in 
recent decades. While legislative bodies 
and individual elected officials continue 
to respond to some of these demands, 
many other demands are considered 
and resolved in administrative pro- 
cesses of limited visibility. The very act 
of translating most legislation into 
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exercise of political choice. Further- 
more, agencies often invite demands 
upon themselves as a way of expanding 
the scope of their support and powers. 

Ihe politicaljzntion of administration 
in this century, especially in response 
to the activities of interest groups, is «' 
widely recognized phenomenon (50). 

Participatory technology is an at- 
tempt to influence public agencies di- 
rectly, and, through them, the quasi- 
piib'ic and private interests they often 
influence and regulate. Like other par- 
ticipatory processes, participatory tech- 
nology in some of its forms circumvents 
traditional processes of expressing de- 
mands through elected representatives 
and of relying on representatives to 
take appropriate action. 

The hazards of participatory technol- 
ogy are many. On the one hand it can 
be used by administrative and technical 
people in a manipulative way to gener- 
ate the illusion of citizen support of a 
particular course of action. On the other 
hand it can degenerate into fonims for 
the exercise of obstructionist, veto- 
power techniques and paralyze public 
action. It can generate an overload of 
demands that agencies are not equipped 
to handle. It can be used as an instru- 
ment by an aggressive minority to cap- 
ture decision-making processes and to 
impose minority views on a larger com- 
munity. It can simply shift the locu? 
for the exercise of "the tyranny of 
O small decisions" (51) from one group 
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to another or merely enlarge the core 
group that exercises control. Finally, li 
can lead to the dominance of tech- 
nological know-nothing over the judg- 
ments of qualified individuals who are 
legally responsible for, are dedicated to, 
and understand processes of public ac- 
tion. 

At the same time, as Spiegel and 
Mittenthal (52) obsen"-;, "Citizen par- 
ticipation can occur in partnerships with 
a governmental unit as well as against 
it. Its nature can be cooperative and 
integrative or conflicting and opposi- 
tional. . . Participatory technology, 
if appropriately structured, can con- 
tribute to decision-making processes 
that take into account alternative points 
of view, and can help an agency per- 
form its functions in a more effective 
and open manner. It can provide a 
means by which the individual who 
feels powerless in the face of tech- 
nological complexity can Ind a forum 
for the expression of his views. 

The basic questions are these: In 
what cases is citizen participation in 

«o.^u»»i»^:»^i .., ^-J 

according to wnat rationale? How 
should participation be structured and 
conclucted? How much weight should 
participation be given in decision-mak- 
ing processes? 

To provide a priori answers to these 
questions is impossible because of the 
variety of situations to which they ap^ 
ply For this reason it is recommended 
that public agencies, scientific and 
technical associations, and individual 
members of the scientific, technological, 
and political communities undertake 
analyses of these questions in the vari- 
ous situations for v/hich they have re- 
sponsibility or to which they have 
access. No single activity by a particu- 
lar organization such as the National 
Academv of Sc\^ .^es can meet the 
need. The analysis must be as broad- 
based as the activities to which these 
questions apply. 

At the same time, the men responsi- 
ble for policy making in foundations 
should consider the establishment of an 
expermental center for responsive tech- 
nology. Such a center would analyze, 
on a continuing basis, the question of 
the ways in which public participation 
in technological decisions involving a 
public interest can be structured, and 
would support such participation in ap- 
r*opriate cases. The center might also 
support the education of proponent« of 
technology, who would be qualified to 
recognize alternative conceptions of the 
public interest in technological matters 
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and to present these conceptions to de- 
cision-making bodies. 



Summary 

The hunger to participate that exists 
today in various segments of the 
American blic is in part a response 
to what soi..e people perceive as an un- 
responsiveness of institutions and pro- 
cesses to the felt needs of the individ- 
ual and of society. It is also, in part, 
an expression of a desire for a redistri- 
bution of power in American public 
life. 

Technology is one of the major de- 
terminants of the nature of public a<i 
well as private life in contemporary 
society. Participatory technology is an 
attempt on the part of diverse individ- 
uals and groups to influence technologi- 
cal processes through participation in 
existing or new public processes by 
which technology is or can be devel- 
oped, controlled, and implemented. 
Like other processes of direct citizen 
purticipuilou ill govciiniiciital decision 
making, it raises many questions about 
the adequacy of existing theories and 
practices of representative government. 
These questions cannot be answered on 
an a priori basis. Members of the edu- 
cational, scien-tific, technical, and gov- 
ernmental communities should analyze 
these questions in an effort to develop 
answers that are appropriate to the par- 
ticular situations for which they are 
responsible and with which they are 
concerned. 
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relatively uninforme(i Congress amd pub- 
lic, a correspon(iing shift in power oc- 
curs. In(iec(i, it is not unhearci of for 
the executive branch to abuse its near 
monopoly of politically relevant tech- 
nical information and expertise. We 
c»te below several case stu(iies exempli- 
fying the sorts of abuses that occur: 
politicization of a(ivisory committees; 



Although scientists as technical ex- 
perts irake f.nportant contributions to 
the federal policy-making process for 
technology, that process remains basi- 
^cally political. At present, the primary 
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recipient o: technical advice on matters 
of public policy is the executive branch 
of the federal government. To the extent 
that this arrangement results in an in- 
formed executive branch dealing with a 
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suppression and misrepresentation of 
information, and analyses. 

This leads us to the question of 
whether individual scientists can con* 
tribute significantly to a restoration ol 
a balance of power between th' public, 
Congress, and the executive branch of 
the government. We find, again on the 
basis of case studies, that a few sci* 
entists can be surprisingly effective in 
influencing federal policies for tech* 
nology if they are sufficiently persistent 
and skillful and if various other cir* 
cumstances are favorable. Tnese suc- 
cess stories and the present high level 
of concern about the adverse side ef* 
fects of technology among both sci- 
entists and the public suggest that the 
time is propitious for a much more 
serious commitment within the scien- 
tific community to "'public interest sci- 
ence." 

This article is divided into two main 
sections. The first deals with devices by 
which the executive branch exploits its 
scientific advisers for political advan- 
tage while concealing much of the in- 
formation they have provide <1; the sec- 
ond discusses ways in which scientists 
can help bring into being counterbal- 
ancing political forces by providing the 
public and < igress with the informa- 
tion they need. 

For brevity we refer below to scien- 
tists advising officials in the executive 
branch of the government as insiders 
and scientists taking issues to the public 
and Congress as outsiders. Of course 
the same scientist can and sometimes 
does find himself in both tliese roles 
at different times. 

Abuses of the 

Executive Advisoiy System 

Many thousands of scientists serve 
part-time on committees advising offi- 
cials in the executive branch. It appears, 
however, that, if substantial pohtical 
and bureaucratic interests are at stake, 
the dangers these insiders point out are 
often ignored. This is not surprising; 
it is one reason why our government 
was designed with checks and balances. 
These checks and balances are under- 
mined, however, when executive spokes- 
men can use the authority of inside 
advisers to mislead the public and 
Congress about the technical facts or 
uncertainties that must be taken iiJo 
account in the policy-making process. 

Thus, for example, William iMa- 
gruder, director of the supersonic trans- 
port (SST) development project, ap- 
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peared before a congressional com- 
mittee to allay fears about the SST 
sonic boom, airport noise, and strato< 
spheric pollution. Magnider summarized 
the Administration's views on these 
issues as follows (i): 

According to existing data and avail- 
able evidence there is no evidence of 
likelihood that SST operations will cause 
significant adverse effects on our atnx>- 
sphere or our environment. That is the 
considered opinion of the scientific 
authorities who have counseled the gov- 
ernment on these matters xjvcr the past 
five years. 

Compare the above with the follow- 
ing quotations from the report of a 
panel of President Nixon's SST ad 
hoc review committee (2, 3) which 
included in its distinguished member* 
ship the President's science adviser. [Tbe 
repoi was released 8 months after 
its completion, as a result of strenuous 
effort by Representative Henry Reuss 
(D-Wis.)]. Regarding the effect of the 
SST on the upper atmosphere, the 
panel noted that a fleet of SSTs ''will 
introduce large quantities of water 
vapor into the stratosphere," and con- 
cluded that much more research was 
needed before serious deleterious effects 
could be excluded. With regard to the 
Impact of the SST sonic boom on the 
human environment, the panel con- 
cluded 

... all available information indicates 
that the effects of the sonic boom are 
such as to be considered intolerable by a 
very high percentage of people affected. 

Finally, as to the impact of the SST 
er "ne noise, they stat 1 

• . . over large areas surrounding SST 
airports ... a very high percentage of 
the exposed population would find the 
noise intolerable and the apparent cause 
of a wide variety of adverse effects. 

In its adverse statements on the 
SST's environmental impact, the ad hoc 
committee report echoed mary other 
reports available to the Nixon admin- 
iF ration (4), Thus Magruder's state- 
ment is extiemely misleading. S milar 
misrepresentations of scientific advice 
have beczi made by spokesmen for the 
federal executive branch in virtually 
all the other cases *hat we have stud- 
ied (5). 

Perhaps the most fre luent mears by 
which the public is misled in through 
the incomplete statement. Typically, 
an executive branch spokesman tells 
Congress that agency A, after con- 
sulting the greatest authorities, has 

SO 



decided to do X. The spokesman ne- 
glects to mention, however, that the 
experts have given mostly reasons why 
X might be a dangerous policy. The 
public cannot check what the experts 
actially said, because the reports are 
kepi secret. Of course Congress can 
ask several well-know*^ scientists to 
appear before it and offer their views 
on the matters at issue in congressional 
hearings, but this is no substitute for 
requiring an executive branch agency 
to make available for public review 
and criticism the detailed technical 
basis for its decisions. 



Examples of Abuses 

There is a whole spectrum of ^evices 
by which the federal executive's advis- 
ory establishment has been used to 
mislead Congress and the public. Per- 
haps a few additional examples will 
indicate the possibilities: 

1 ) In the final throes of the SST de- 
bate, an advisory committee report was 
released which stated that, with noise 
suppressors, the SST airport noise 
could be reduced to tolerable levels 
(6, 7) No report was issued on what 
these changes would do to the .SST 
performance, however. Every indication 
is that the noise suppressors, whose 
weight was of the same order of mag- 
nitude as the lotal payload of the 
aircraft, would seriously threaten the 
already questionable economic viability 
of the aircraft (7). Thus, government 
officials can selectively make public 
advisory cOiamittee reports that present 
only some of the positive terms in a 
cost-benefit calculation. 

2) A report on sonic boom effects by 
an advisory panel organized by the 
National Academy of Sciences-Na- 
tional Research Council was so 
written that, when it was released, it 
stimulated a New York Times headline 
(9), "Sonic Boom Damage Called 
'Very Small.'" In fact, simple calcu- 
lations based on extensive government 
tests results lead to the estimate that, 
with 400 SSTs flying supersonically 
over the United la. :s, the sonic boom 
damage each year would be of the 
order of a billion dollars (70). What 
the ad asory committee had meant to 
say was that the probability is small 
th^^ a single sonic boom would damage 
a particular building, and therefore hat 
experiments on sonic boom damage 
'hould be carried out in a laboratory 
with a sonic boom simulator. When a 
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clarifying statement was eventually 
issued, after a petition from Academy 
members, it appeared only in the Acad- 
emy newsletter and received no press 
coverage. 

Thus advisory comm't^ee reports may 
be so written that they are seriously 
misleading, at least to the press. Polit- 
ical and institutional pressures may 
prevent the iss ance of a proper clari- 
fication, or the press may ignore it. 

3) In 1966 a report by an independent 
laboratory under contract to the De- 
partment of Health, Education, and 
Welfare indicated that 2,4,5-T (2,4,5- 
trichlorophenoxyacetic acid), a popular 
weed and brush killer, causes birth 
defects. This report was repeatedly sent 
back for "further study" for 3Vi years 
(//) until it finally became public as 
an indirect result of a Nader investi- 
gation (12, p. 21). In the meantime, 
enoimous quantities of this chemical 
were used in the defoliation of about 
one-eighth of the area of South Viet- 
nam (12, p. 85; 13), 

It may give an idea of the amouLt 
ot bureaucratic toot-dragging involvea 
in this case to note that, when one of 
the chemical manufacturers suggested 
that an impurity, not 2,4,5-T itself, 
might have caused the birth defects, 
the experiments that had taken SVz 
years tu complete were repeated in 
about 6 weeks. Both 2,4,5-T and tne 
contaminant were found to produce 
birth defects (//). When these results 
became public, :he use of 2,4,5-T in 
Vietnam was banned, its domestic use 
was partially restricted, and further 
restrictions now being debated (11), 
The studies relating to the question 
of whether pesticides cause birth de- 
fects were undertaken partly in response 
to the public furor caused by Carson's 
Silen; 5pn/;^ (14), Nevertheless, even 
while the public was being assured that 
the go\ -mment had undertaken to 
protect it from such possible dangers, 
the government was concealing relevant 
new information, Thus, when the lov^ 
ernment huS exclusive access to cenain 
information about a public health 
hazard, it can sirply ignore it. 

4) In October 1969, Secretary of 
Health, Education, and Welfare Finch 
was forced by law to ban foods con- 
taining cyclamates because cy:lamates 
had been shown to cause cancer in 
animals. At the same time, he decided 
to overrule protests from thr Food 
and Drug Administration and allow 
hianufacturers of these products to 
continue to sell them as nonprescription 
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drugs for the treatment of diabetes 
and obesity (15, 16), After announcing 
his decision, he called together an 
advisory committee which reported 
back that, indeed, Secretary Finch was 
right in overruling the FDA medical 
people. The commiUee concluded (15, 
p. 86): 

... the medical benefits in these instances 
[treatment of diabetes and obesity] out- 
weigh the possibility of harm. 

After the publication of a Nader 
study report on the background of 
Finch's decision (17), its legality was 
examined in a rather devastating con- 
gressional investigation. The advisory 
committee was then called together 
again, and, although it had received es- 
sentially no new evidence, it issued a 
new report on the safety and effective- 
ness of cyclamates. This time the com- 
mittee contradicated its earlier state- 
ment by saying (16, p. 13): 

The literature provided to the group does 
not contain acceptable evidence that 
cyclamates have been demonstrated to be 

«,iiivMw««^u.j >** iuw viwauiicui aim vuluroi 

of diabetes or obesity. [Italics ours] 

Cyclamates were thereupon totally 
banned. In this example it appears that 
an Tidvisory- comr**.tee became so polit- 
ical that It adapted its advice to the 
political needs of the official whom it 
was advising. 

Correcting the Record 

It is natural to ask whether insiders 
cannot do something to curb these 
abuses. In fact, advisers have tried to 
set the record straight in a number of 
lece. cases: 

Richard Garwin, a member of thv". 
President's Science Advisory Com- 
mittee, was chairman of a committee 
of scientists reviewmg the SST project 
for President Nixon at the begin- 
ning of his presidency. Although his 
committee's report was kept secret its 
existence was not, and Garwin was 
invited to testify at Congressional hear- 
ings (4), In his testimony he expressed 
his personal criticisms of the SST, 
docuniCDting them from publxly avail- 
able sources. 

CdHvin explained his action^ in the 
following words (18): 

Tm not full-time member of the ad- 
ministration, and I feel like a lawyer who 
has many clients. The fact that he ceals 
with one doesn't prevent him from deal- 
ing with another so long as he doesn't 
use the information he obtains from the 
first in dealing with the second. Since 



*here are so few people familiar with 
these programs, it is important for me to 
give to Congress, as well as admin- 
istration, the benefit of my experience. 

Kenneth Pitzer was chairman of a 
President's Science Advisory Com- 
mittee panel charged with looking into 
the safety of underground testing of 
large nuclear weapons in November 
1968. The panel concluded that there 
was a significant danger of earthquakes 
and resulting tidal waves being trig- 
gered by bomb tt ting in the Aleutians. 
They also commented (19) : 

. . , the panel believes that the public 
should not be asked to accept risks re- 
sulting from purely internal government 
decisions if, without endangering national 
security, the information can be made 
public and decisions can be reached after 
public discussions. 

The report expressing the panel's con- 
cerns was kept secret, Pitzer, however, 
helped make these concerns public 
(20). 

Sidnev Drell and Marvin Goldbe'ger 
served on a committee advising John 

Fn^tpr r>ir**r^tnr nf V>^f^ps^^ i> . u 

and Engineering, on the effectiveness 
of the Safeguard ABM system. When 
Foster misrepresented their committee's 
report as supporting the Administration 

nncittnn <tKoir <<t<k<-kVA ««« <t-^s. 

record straight (21), Goldberger ex- 
pressed their opinion of Safe^ard 
rather pungentiy. He said 

... I assert that the original Safeguard 
^ deployment and the proposed expanded 
' deployment is spherically senseless. It 

makes no sense no matter how you look 

at it. 

Unfortunately, these examples appear 
tO be the exceptions. It seems that 
advisers usually watch in silence when 
they know that the public is being 
misled. The authors of the National 
Academy of Sciences sonic boom study 
mentioned above, and also academy 
officials, actually resisted the issuing 
of a clarifying statemen*. 

Two main reasons are given for this 
silence: (i) Most advisers have very ^ 
little faith in the effectivenjss of speak- 
ing out, and they fear that by going 
puKic they would lose their inside 
i:^fluence. (ii) There is also the argu- 
ment that, since the President is elected 
by all the people, he has the ultimate 
respr visibility for making national pol- 
icy.. In its extreme f'>rm, this "elected 
dictatorship" theory of government 
leaves the adviser with only the respon- 
sibility to see that the President and 
the officials in his administration arc 
w^ll informed. 



85 



The loss of effectiveness argument 
emphasizes the serious dilemma in 
which a frustrated inside adviser 
may be placed as a result of the 
executive branches insistence upon 
loyalty and confidentiality. However, 
insiders should beware of exaggerating 
their supposed effectiveness, and of 
confusing prestige with influence. 

The elected dictatorship argument 
obviously denies the whole system of 
checks and balances by which our de- 
mocracy has been safeguarded. It also 
ignores th'" fact that the ultimate respon- 
sibility in a democracy resides with the 
i.idividual citizen, and vhat denying him 
the information he needs to defend his 
own health and welfare effectively de- 
prives him of the rights of citizenship. 
The writers of our constitution under- 
stood this very well. James Madison 
.aid (22): 

Knowledge will forever govern ignorance. 
And a people who mean to be thdr own 
governors must arm themselves with the 
power knowledge gives. A popular gov- 
ernment without popular information or 
iuc iiicdiiN of acquiring it is but the pro- 
logue to a farce or tragedy, or perhaps both. 

It is obvious that the responsibilities 
of government science advisers should 
be discussed widely, both within the 
scientific community and in the larger 
political community. Lack of such 
discussion lea\es scientists unprepared 
when they become advisers and find 
themselves coufronted with difficult and 
unfamiliar dtcisions — often in an at- 
n.^3phere of great pressure. Science 
advising, no less than scientific research, 
needs a code of ethics. And this code 
should take into account the fact that 
we live in a democracy in which the 
ultimate responsibiiky resides not with 
the President, or even with the govern- 
ment as a whole, but with the individual 
citizen. 

Before going on, let us try to rectify 
the misunderstandings ih2d may have 
resulted from the discussion so far. ^ 
do not wish by our criticisms of the 
abuses of the executive science advisory 
system to diminish or obscure the many 
important and legitimate functions in- 
side advisers perform (23), Their roles 
as independent critics and connoisseurs 
of technical policies and people are 
essential throughout the executive 
branch. The executive advising system 
also provides a tremcLdously important 
path by which information and ideas 
can flow rapidly through the govern- 
ment, and between governmental and 
independent scientists, outside the slow 



bureaucratic filter. Indeed, in our opin- 
ion it has been a serious v ^kness of 
the most recent administrations that 
they have failed to exploit adequately 
these potential strengths of the advisory 
system. 

Pttblfc Interest Science 

The executive branch of our govern- 
ment has not been acting in an unbiased 
manner in making available to the 
citizen the technical information he 
needs. Scientists must therefore make 
their expertise directly available to the 
public and Congress. 

The idea that the public, 0^ well as 
the government and industry, should 
have scientific advisers is an old one — 
as is the idea that the interests of 
the public should have lawyers to de- 
fend them. It was not until the I960*s, 
however, that public understanding of 
the insensitivity of governmental and in- 
dustrial bureaucracies led to a sub- 
stantial commitment in the legal pro- 
fession to public interest law. It 
appears to us that the scientific com- 
munity may now have reached a 
similar point. The growing public 
awareness of the dangerous conse- 
quences of leaving the exploitation of 
technology under the effective control 
of special industrial and governmental 
interests has led to a Tardiness within 
the scientific communilj to undertake 
a serious commitment to what we have 
termed "public interest science." 

There is an important difference be- 
tween the practice of public interest 
law and public interest science, how- 
ever. In a legal dispute, once both 
parties have obtained a lawyer, they 
can hope to obtain a fair and equal 
hearing in front of a trained judge who 
gives their arguments his undivided 
attention, whereas in a public debate 
over an application of technology /c- 
mendous inequaliticb exist. The con- 
tending sides must speak to a distracted 
public through news media to v/hich 
exec ^e officials have comparatively 
easy and roiftine access. Moreover, an 
executive official speaks with the 
authority of his office, while an inde- 
pendent scientist is usually an unknown 
quantity to the public. 

In vie*^ ^'f these inequalities, it is 
interesting to find out whether the 
public interest activities of independent 
scientists can activate politi'^al and legal 
restraints on irresponsible actions of 
the executive branch. In working on 
this question, we have thus far exam- 



ined the effectiveness of outsiders in 
informing the public about the negative 
aspects of the SST, the decision to 
deploy the Sentinal and Safeguard anti- 
ballistic missile systems, the program 
of crop destruction and defoliation in 
South Vietnam, and the regulation of 
pesticides. We have also studied the 
effectiveness of a local group of scien- 
tists, the Colorado Commit ^ee for En- 
vironmental Information, in bringing 
to public attention in 1968 through 
1970 the dangerous practices of two 
federal agencies in Colorado. 

Examples 

In all these instances, the outsiders 
have had a surprisingly large effect, 
considering their small numbers, in 
bringing to public attention an aspect 
of the issue that concerned them. Con- 
sider a few examples: 

1) Serious public opposition to the 
SST developed only after a few scien- 
tists, notably Shiirciiff, made dramati- 
cally clear in press releases and adver- 
tisements that the sonic booms created 
by a fleet of SSI's flying suj^^isonically 
overland would be intolerable (4), 

2) The residents of the Denver area 
did not realiz *hat they might have a 
problem until scientists of the Colorado 
Committee for Environmental Informa- 
tion (CCEI) issued a public statement 
describing the possible consequences 
of an airplane crashing into the huge 
st^kpiles of nerve gas stored near the 
end of Denver's busy airport. After 
trying in vain to reassure the public, 
and then to transport the nerve gas 
across the country to dump it in the 
ocean, the Army fin^Uy agreed to 
destroy it (24), 

3) The U.S. program of defoliation 
and crop destruction in South Vietnam 
came to an end when a group of 
scientists sponsored by the AAAS 

'brought back photographs and a de- 
tailed report of the devastation that 
resulted (25). 

4) The deployment of an ABM system 
to defend the major cities of the United 
States became a public issue only after 
scientists in the Chicago area and else- 
where raised what experts con- 
sidered a minor issue — the possibility of 
the accidental detonation of an ABM 
(antiballistic missile) warhead in the 
metropolitan area it was supposed to 
be defending (26), 

Of course, we could equally easily 
compile a list of cases in which public 
protests by scientists have had little 
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effect on federal policy. Most technical 
issues cannot be taken directly to the 
public because there is little public 
resonance with the ideas involved. 
That does not decrease the importance 
of the issues that can be taken to the 
public, however. 

The effectiveness of outsiders in 
influencing government policy seems to 
depend on many factcn. For one, 
where outsiders have been mfluential, 
the dangers they pomted out usually 
threatened huge numbers of people 
personally. Their effectiveness seems 
also to have depended upon how impor- 
tant the policy being criticized was to 
the government. Consider the obsolete 
nerve gas, for example; lea^mg it at 
such a dangerous location was simple 
negligence that could be rectified by 
spending a little money when it be- 
came clear that reassuring statements 
would no longer suffice. On the ABM, 
SST, and pesticide regulation issues, 
however, the critics were attacking 
policies that governed the allocation of 
billions of dollars. Over these issues the 
battles have been rough and prolonged 
and have required the active involve- 
ment of large numben of citizens in 
addition to scientists. 

The effectiveness of the out5;iders ako 
often depends upon the timeliness of 
an issue. Thus, after Shurcliff and a few 
others had been denouncing the SST 
for years, the new environmental move- 
ment came to see it as a symbol of 
all that is destruotwc to the environ- 
ment. Similarly, the ABM became a 
popular issue in part because the public 
had become concerned about the 
insatiable appetites of the military, 
industrial complex. And, after a few 
biologists and ecologists had been pro- 
testing for years about defoliation and 
crop destruction in South Vietnam, 
they were finally heard when the public 
hai become disgusted with the United 
St;.»es' entire Indochina policy. 

Our case studies give substantial 
ncouragement that some issues can 
ce taken to the public by scientists 
with partial success at least. It is not 
easy, however. Enormous persistence 
and skill are required, as well as a good 
and timely case, to he heard above the 
din that accompanies everyday living in 
this country. 



CrediblUty 

It is also necessary for the scientist 
to ef^abiish credibility — that is, that he 
is not a "crackpot/' Credibility has 
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sometimes come from the quotation of 
government reports that contradict the 
official line. It has come from preparing 
a compelling and well-documiuted case 
from the open literature, as Carson did 
in her criticism of pesticide regulation 
{14), It has come from a study spon- 
sored by a scientific organization: an 
example is the AAAS study of the 
effects of defoliation in Vietnam (25). 

Yet another technique for handlmg 
the credibility problem was applied 
quite effectively by CCEI (24), In two 
of the debates in which it became 
involved the CCEI publicly challenged 
the responsible government agency to 
establish the basis for its assertion5. 
The Colorado group accompanied the 
challenge with a specific list of technical 
questions, the answers to which would 
make possible an independent deter- 
mination of public safety. Fmally, 
credibility-and also publicity — can be 
obtained if one can persuade Ralph 
Nader to take up the issue. The extent 
to which we aP depend on Nader in 
these matters is a testimonial to the 
timidity of the professional societies, 
universities, and national laboratories. 

The scientist*s public credibility must, 
of course, be earned. A specialist who 

;i?f»S his authority a r^0£n!2?d 

scicr.tioc to lend support to a pclitical 
position without presenting the tech- 
nical arguments casts doubt both on his 
political position and on his scientific 
authority. The standards of accuracy to 
which a scientist adheres in public 
statements should be no lower than 
these he strives to attain in his scientific 
work. It is also necessary for the scien- 
tist to maintain a sense of perspective; 
it is all too easy to exaggerate the 
significance of a subject on which a 
critic happens to be an expert. The 
danger of crying wolf is not merely 
that the next time a jus^i^ied alarm 
may be ignored; it may also happen 
that the false alarm will be heeded 
and the nation stampeded toward a 
foolish or unnecessarily hasty action. 
Obviously, the proper ethics for out- 
sider science advising deserves discus- 
sion within the scientific community no 
less than the ethics of insiders. 

During and after each of the major 
technological debates of recent years 
there have been charges that scientists 
who participated as outsiders were 
politically biased and scientifically ir-. 
responsible (27). While there have 
certainly been a few instances that sub- 
stantiate such charges, the vast majority 
of independent scientists who have 
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argued technological issues before the 
public have been honest and accurate. 
A scientist's reputation is his most 
precious possession, and the scientist 
who misrepresents the truth or makes 
unsound technical judgments calls down 
upon himself the censure of his 
colleagues. In any event, technical argu- 
ments presented in public can be re- 
butted in public, in the usual self-cor- 
recting manner of scientific discourse. 
Indeed, it is unfortunate that the state- 
ments of executive branch officials are 
not subject to similar constraints. Ap- 
parently, the standing of these officials 
depends more on their loyalty than on 
•he accuracy of their public statements. 

As we have mentioned, the route of 
taking issues to the public is very im- 
portant but also quite limited; many is- 
sues cannot be so treated. Other routes 
are available, however. Sometimes re- 
course to the courts is possible. Recent 
developments in the law, particulariy 
the National Environmental Policy Act 
of 1969, make this approach increasing- 

protection offered by the law requires 
more than public interest lawyers, how- 
ever. It requires public interest scientists 
as well. The collaboration of scientists 
and iBwv^rs in the EnvironirieTst^ 13c- 
fense Fund is one notable example; an- 
other is the current collaboration be- 
tween the M.I.T-based Union of 
Concerned Scientists and a number of 
the leading environmental organizations 
in a legal challenge to the Atomic En- 
ergy Commission to establish an ade- 
quate basis for evaluating the safety 
systems of nuclear reactors (28), 

Oi^ganization and Funding 

Thus far there has been little funding 
for public interest science. Almost all 
who are involved do it as an unremuner- 
ative sideline. Perhaps this is good. Only 
recently the scientific community dele- 
gated its nublic responsibilities mostly to 
the insiders. As governmental regulatoiy 
agencies have repeatedly demonstrated, 
responsibility cannot be successfully del- 
egated — ^it can only be shared. Large 
numbers of part-time outsiders are re- 
quired to keep the system honest. 

More than part-time people are re- 
quired, however. The coojdination of 
the efforts of part-time people and the 
lobbying to see that the issues they 
raise get a fair hearing rapidly become 
a full-time job. This is the function, for 
example, of Jeremy Stone, executive 
director of the Federation of American 
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Scientists (29), Under Stone's leader- 
ship the FAS has been instrumental in 
establishing a new tradition of open 
adversary hearings before the House 
and Senate Armed Services Committees 
and in providing technically competent 
witne^es before many other congres- 
sional committees. 

Examples of fuU*time pubU^ interest 
scientists are few and far between. 
Ralph Lapp could be identified as such 
a person. Like Ralph Nader» he sup* 
ports his activities by writing arJ 
lecturing on the issues with which he 
is currently concerned. A number of 
academics seem also to have become 
nearly full-time public intere&l scientists, 
Universities have the advantage of 
having undergiaduate and graduate 
students who are willing to commit 
great amounts of energy and idealism 
to a project (30), although, as Ralph 
Nader has shown» such students will 
go where the action is even if it is 
not at a universif^*, 

Foundations are beginning to show 
an interest in funding p*^blic interest 
science projects, and the federal and 
state govemmer^s may begin funding 
them in earnest if the field becomes 
lore respectable— like public interest 
w, Nevcrtheness; it is doubtful that 

xct government funding will provide 
kind of politic?.! insulation appro- 
priate to some public interest science. 
Responsibility for some funding should 
be closer to the scientific community 
itself. Scientific societies could do some 
of it. Another possibility would be for 
universities and other research con- 
tractors to devote part of their over- 
head on research contracts to a fund 
for public interest science controlled 
by the scientists at the institution. This 
is in effect how law firms and medical 
doctors support their pro bono ac- 
tivities. 

One need only look at the student- 
funded Public Interest Research Groups 
in Minnesota and Oregon (31) to see 
how varied the possible sources of 
support for public interest science are. 
The more diverse the sources c'' 
aupport, the more securely established 
public interest science will become as 
one of the responsibilities of the scien- 
tific community. 



Sui^imary 

We have described some of the 
abuses that develop when policy for 
technology is made behind closed 
0 doors in the executive branch of the 



federal government And we have 
tried to demonstrate that puulic interest 
science is no more quixotic than public 
interest law. 
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The relatively recent prominence 
given to issues concerning the environ- 
ment, notably the debate on supersonic 
transport, and to the so-called energy 
crisis reflects a growing uneasiness 
about technological matters among a 
generally acquiescent public. There no 
longer appears to be a broad consensus 
on the automatic benefits of technologi- 
cal development; its consequences are 
increasingly perceived as problematical. 
This new situation could affect both 
scientists and enj^ineers in terms of the 
legitimacy accorded their work, the 
limits within which they may do it, and 
the level of resources made available 
for it. For even though a direct rela- 
tionship between public attitiidss and 
the way decision-makers behave is diffi- 
cult to establish, the public's mood does 
create boundaries within which officials 
generally act. 

This article presents findings concern- 
ing the public's attitudes toward tech- 
nology and science which suggest that 
considerable refinement of our past 
generalizations is necessary. Evidence 
suggests that (i) the public makes a 
distinction in their evaluations of the 
outcomes of scientific work and tech- 
nological work; the public's reaction 
to the impact technology upon soci- 
ety is one of wariness and some sk jpti- 
cism; (i i) the public applies ? rather 
wide range of sometimes contradictory 
values to its evaluation of technology; 

(iv) the public has a distrust of the 
institutions associated with decision- 
making in technical policy areas; and 

(v) a clear element of political ideology 
is present in the evaluations of tech- 
nology made by an important segment 
of the public. 

Only recently has there been suffi- 
cient evidence concerning potential pub- 
lic uneasiness about science and tech- 
nology to stimulate systematic attempts 
to gauge prevailing opinion on these 
matters. Most commentaries on these 
attitudes have been largely impression- 
^* ic. They note that the '*golden age" 
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<)f science and technology has passed. 
They agree that the widespread convic- 
tion about the inevitable benefits to 
come from scientific advance (a convic- 
tion pointed to as early as 1830 by de 
Tocqueville as imprinted on tne Ameri- 
can genius) has been severely eroded. 
Edward Shils sums up the case (i): 

Whereas it was once believed that every 
new technological possibility was automat- 
ically and inevitably beneficial, the great 
achievements in outer space [among others] 
have helped to dim the light once cast 
by icchnoiogicai progress. . , , Science, 
engineering and technology have all be- 
come amalgamated Into a rr,g\6 entity 
wh»ch is conceived as a source of damage 
and costly waste. The research workers, 
engineers, military men, industrialists, and 
politicians are seen as homogeneous 
groups with each section pursuing its own 
advantage at the expense of the rest of 
society. 

This ilackening in public approval 
has been attributed to a number of 
factors. Robert Morrison, for example, 
cites the distrust of the way power hold- 
ers manipulate the world; the concern 
over maldistribution of resources; anxie- 
ty about the ethical implications of 
further technological advances in some 
areas of medicine and the biological 
sciences; and growing awareness that 
muci» sc'c'itific research lacks social 
relevance (2). The picture of the public 
mind presented in such commentaries 
is painted in tones of suspicion and 
guarded pessimism. Cognizant of this 
decline in the prestige of science, still 
other writers appeal for circumspection 
lest negative public reaction lead to 
"harmful restrictions on all scientific 
research" (i). 

But a somewhat different picture 
emerges from reports of recent work 
done by public opinion researchers (4- 
6). That the scientific community, and 
other interested publics, have fallen vic- 
tim to '*quick overgeneraliz«»tion and 
grand simplifications as to the scope, 
source, and direction of anti-science 
sentiments" (4) is the finding of at least 
two studies (4, 5). ^hese reports note 



that (i) most people feel that science and 
technology have made life better; (ii) 
the prestige of scientists and engineers 
is relatively high; and (iii) there is a 
high degree of confidence in the ability 
of science and technology to solve a 
wide range of social problems. The con- 
clusion invited by such findings is that 
the American public is generally friend- 
ly toward the scientific community and 
that scientists and engineers may pro- 
ceed with at least cautious optimism 
about the public fate of their activities. 

That conclusion is predicated on the 
assumption that the public makes no 
distinction between science and tech- 
nology and, further, that if the public 
generally is friendly toward scientists, 
then technologists — those who imple- 
ment technological systems — need fear 
no animated opposition (7). But al- 
though a single web of logic and theory 
undergirds both scientific knowledge 
and technological implementation, our 
appreciation of their sociopolitical con- 
texts is not enhanced by attributing to 

g .-.Qw ...Wll^l**^ 

of their social effects. 

Public opinion data do not speak for 
themselves. What they say depends upon 
the questions put to them. In the study 
reported here we sought answers to 
questions about the "general climate 
... for the development and use of 
scientific knowledge" and about the 
"choice v^f ends" to which they are 
directed (5. p. 96). Our findings suggest 
that the ifiemcs of available systematic 
studies as well as of the more pessimis- 
tic impressionistic accounts must be 
somewhat modified. They also tell us 
that equally misleading is the charge 
that those who are uneasy about or 
hostile toward technology are antira- 
tional or anti-intellectual. To accept this 
claim does nothing to assist in the dis- 
covery of what may be behind such 
antagonisms or to determine whether 
they are justifiable. 



The Study Context 

As part of a larger study of tech- 
nology and social change, we set out 
in 1972 to probe public opinion on a 
wide range of technology-related topics. 
Accordingly, a survey was commis- 
sioned to gather information on the 
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Table I. Should Kicnce and technology be controlled? 



Siatcmeni^ 


Strongly 
agree 




Agree - 
disagree 




Strongly 
disagree 


I 


2 


3 


4 


5 




Science 










1. AJIow studies; obtain future benefits 


54.2 


32.1 


3.8 


5.9 


4.0 


^. ovicncc guiHi, use Ol bvicnvv UaO 










o o 


Technology 










3. Control invention and life worsens 


14.7 


22.5 


11.0 


i9.8 


21.9 


4. No interference with right to 












buy justifiable 


18.1 


26.8 


8.3 


27.1 


19.6 


5. Insufficient knowledge for regulation 


21.4 


25.1 


10.8 


27.4 


15.3 



• The full wording of the statements for agreement or disagreement were as follows: I. Unless 
scientisu arc allowed to study things that don't appear important or beneficial now, a lot of very 
beneficial things probably won't ever be invented. 2. Basically all scientific discoveries arc good things; 
it is iust how some people use them that cauwjs aU the trouble. 3. Any attempt to control which 
inventions arc widely produced or made available wilt make our lives worse. 4. No one should attempt 
to regulate which inventions arc produced because it interferes with the individual's right to decide 
what he wants to buy. S. No one should attempt to regulate which inventions are produced bct ause 
they do not know how to do It. All data are expressed as percentages (percent across; N = W). 
Those expressing no opinion ranged from 1 5 to 2.0 percent for statemer 1 and 2. and from 
4.1 to S.6 percent for statements 3 to S. 



perceived importance of te hnology as 
a feature of social change; on criteria 
considered important in technology as- 
sessment; on approval or disapproval 
of 12 specific future technological ca- 
pacities; on perceptions of technology's 

effects on the "llS^i!^ life* J*nH nn 

attitudes toward scientific work as dis- 
tinguished from technology. Using a 
multistage sampling design, we inter- 
viewed 980 adult Cilifornians. 

Since most policies with respect to 
science and technology are national in 
scope, the question of the generality of 
our results should be raised; for strictly 
speaking "the public'* referred to in 
what follows is the California popula- 
tion. However, that we can have con- 
fidence in the generality of the data we 
collected is indicated by national esti- 
mates of demographic characteristics 
such as age, income, sex, race, ard 
occupation3! distributions obtained from 
the 1970 census: these estimates deviate 
no more, and usuaiiy somewhat less, 
than 4 percent from the California 
profiles. On only one characteristic, 
education, do national averages differ 
significantly from California*?,. The per- 
centage of Californians (31.4 percent) 
with at least 1 year of college educa- 
tion is about 35 percent greater than 
the national average {23.3 percent). 
This sl'ght skewing of educational dis- 
tribution exJcnds to our sample as well; 
47 percent had at least 1 year of 
college. This higher education level 
suggests that Californians in general 
and our sample in particular may be, 
on the average, more likely than re- 
spondents in a national sample to 
be informed about science and tech- 
nology. Over a wide range of attitudes 
Q we found no significanr difference, how- 
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ever, among groups with different edu- 
cational attainment (8, 9). 

Moreover, when we compare our sur- 
vey to that recently sponsored (5) by the 
National Science Foundation (NSF), 
several items common to both surveys 

^-^ 

respondence in distributions (10), In 
s\ t, evidence available from indirect 
ine ators concurs that California does 
not deviate from the rest of the nation 
in inipuriaiii ways wiih regard to atti- 
tudes toward science and technology. 
Indeed, since the population of Cali- 
fornia is nearly one-tenth that of the 
entire United States and since its econ- 
omy includes a large proportion of the 
total scientific and technological work 
done in this nation, our findings may 
have greater policy relevance than 
would be the case for data gleaned from 
any other sing.e state or region. 

Research in public opinion is beset 
with some formidable measurement 
problems. The data gathered are '*opin- 
ions" and as suclj may be transiently 
held, possibly changing with time and 
circumstance. This may be particularly 
true when the attituocs examined are 
not central to the person interviewed; 
such is often the case with the data 
gathered here. In addition, the opinions 
measured may net be founded on cor- 
rect .'actual information; thiis, they can 
>e altered by additional information 
from educational efforts or other 
sources. Ne\ •**eless. if wc are inter- 
ested in what the public at large th'nks 
about science and techn- logy, this tech- 
nique with all its limitations is the only 
one available. 

Social Perceptions in Technology 
Over the past 10 years an inciea^ing 

se 



volume Oi work has purported to de- 
scribe some of the social effects of 
technology on peopled lives, outlook, 
and values (//, 12). Some observers 
have argued that technology h«.i become 
the source of disquieting change;^ ir. the 
human condition and that it '<and sci- 
ence) is running rampant, be>ond con- 
trol. This argument is perhaps most 
strongly put by Jacques Ellul in h s 
description of the "technological phe- 
nomenon,** a pervasive situation where 
decision-making processes are so struc- 
tured as to admit of only one outcome 
— the rather blind, never-ending imple- 
mentation of new techniques (72). If 
such misgivings were widespread they 
could provide a milieu i« *'hich the 
control of science as well as technology 
would be sought. But such a situation 
hinges on a general public belief that 
scientific discovery and consequent tech- 
nological implementation are nearly in- 
distinguishable aspects of a continuous 
process. 

Table 1 presents data related to sev- 
eral aspect? ♦he public's evaluation 
or the so( . ' or science and of 
tcchiiology. For the purpose of this 
survey, we have chosen to define science 
and technology as follows (7): Science 
is, implicitly, the activity of discovering 
new knowledge and includes the devel- 
opment of prototype inventions. Tcch- 
nc^ogy, on the other hand, is the activity 
which leads to the widespread avail- 
ability of products based predominant- 
ly on such scientific knowled^'c. The 
data show lhat there was considerable 
agreement that scientific activities are 
intrinsically beneficial and should not 
be controlled, but that the use to which 
scientific knowledge is put can make 
trouble. They also demonstrate that the 
standard defenses of technological au- 
tonomy are rejected by a suostantial 
fraction of those interviewed. More 
people disagreed that regulating tech- 
nology would affect the quality of life 
adversely than those who believed it 
would. Again, more people felt that the 
advantages of regulating technology out- 
weighed the benefits of a laissc-faire 
approach. Interestingly, the sample vas 
almc».t evenly split with respect to 
judgments about whetiner or not th, 
regulation of technology was possible. 
Taken together, these data imply that 
the public at large does not find the 
outcomes of scientific activity a prob- 
lem. Rather it is the outcome of tech- 
nological implementation that is the 
source of concern, thereby creating a 
potential both for th:* demand and for 
the expeciaiion that those outcomes 
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Table 2. How disenchanted are people with technology? 



Statement* 



should be regulated. A plausible corol- 
lary to these findings, somewhat at 
odds with other survey research, is that 
if the public came to sec science and 
technology as indistinguishable on the 
practical level, the very large consensus 
favoring unregulated scientific activity 
might diminish rapidly.. 

Alienation and Confidence 

Uneasiness about technology can 
have a more nearly Ludditc character: 
the belief that further techno-industrial 
advance will result in net social loss. 
Expressions of longing for a return to 
nature or to a more simple life unen- 
cumbered by machines typify that trou- 
bled attitude as, to a lesser extent, does 
reduced confidence in technology's pow- 
er to solve man*s problems. People most 
disenchanted with technology tend to 
accept these notions. Table 2 presents 
the pattern of responses to four ques- 
tions probing the degree to which the 
''alienated" attitude they convey is held 
b> the public. It shows opinion to be 
divided on the desirability of returning 
to a more natural state and on whether 
life has been made too complicated by 
technology. While a little over half of 
those questioned did not agree with 
those notions, a third of the sample did. 
Thus, although the typical notions asso- 
ciated with technological alienation did 
not predominate among our sample, 
they were accepted by a strong minority. 

More clearly evident were attitudes 
expressing a limited confidence in tech- 
nology. Strong majorities, over 70 per- 
cent, agreed that we had become too 
dependent upon machines and that it is 
not sensible to expect technology to 
develop soutions to problems caused 
by technological development. These 
relatively high percentages seem to sig- 
nal deep wariness about overdependence 
on or overconfidence in technology as 
a means for dealing with social prob- 
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lems associated with technological devel- 
opment. Perhaps more significant is the 
fact that only 5 percent expressed no 
"disenchanted** sentiments, 70 percent 
expressed at least two, and 50 percent 
three or four such notions. 

In a sense, the data in Tables 1 and 
2 provide evidence that ElluPs vision of 
a nopulace enamored with technique 
and unable to resist technological devel- 
opment for its own sake does not hold 
for our sample. An undercurrent of 
skepticism about dependence on tech- 
nology does restrain wholehearted en- 
thusiasm about its effects, and it is 
likely that if such skepticism grows, so 
will pressures for regulating technical 
development. 

Technology, Past Benefits, and 
Value Criteria 

Against this background, what can 
be said about the public s evaluation of 
specific existing technological devel^;;- 
ments? Our sample was asked to indi- 
cate whether each of five such develop- 
ments have made life in general better 
or worse. The technologies in question 
were highly visible ones, widely imple- 
mented and quite well known to most 
people: household appliances, automo- 
biles, automated factories, the space 
program, and atomic weapons. These 
things formed a measure of respon- 
dents' ove»*al! evaluation of present 
technology (13). 

Figure 1 presents the distribution of 
this index. It reflects a distinctly posi- 
tive evaluation of present technology 
and is consistent with the results of the 
NSF survey (5). The data, therefore, 
show positive public response to past 
and present technological development, 
overlaid with a set of concerns about 
the more general consequences of that 
development. This combination of atti- 
tudes appears to reflect a tension in 
values, visible in the priorities held by 



the public which determine whether a 
technological development is "advan- 
tageous.'* 

Respondents were asked to rank a 
number of social values — ranging from 
highly utilitarian values to more human- 
istic and egalitarian concerns — and to 
indica*' iu2 importance they should be 
given in evaluating technology's impact. 
Not unexpectedly there was no strong 
consensus on what values should be 
given priority. Yet a relatively high 
degree of support was expressed for a 
wider range of priorities than simply 
the economic values of employment and 
taxes which are often presented as the 
basis for decisions on technology-related 
public policy. Table 3 presents the per- 
centages of respondents indicating what 
values were considered "extremely** im- 
portant, as well as the average rank 
accorded them by the whole sample. 

Not surprisingly, the impact of tech- 
nological development on employment 
was ranked as the most important con- 
sideration, though pollution effects drew 
the highest percentage of "extremely 
l.Tiporlant** designations. Perhaps the 
most interesting result is that four of 
the seven values were believed to be 
extremely important by a majority of 
the sample. That the public considers 
a wide-ranging combination of values 
to be important criteria for evaliiating 
the consequences of technical develop- 
ment complicates both the activities of 
technologists and the task of policy- 
makers, for some of these values seem 
clearly to be in tension. (Notably, neith- 
er the importance of the U.S. image 
abroad nor leisure time struck a par- 
ticularly responsive chord in the public.) 

Thus our data show that a plurality 
of the public seems to approve of the 
regulation of technology, that many 
more desire a wide range of values to 
be taken into account in its implementa- 
tion, and that in varying degrees an 
uneasiness about the social conse- 
quences of this implementation is 
present. Now we ask what level of 
confidence our public expressed in the 
technology-related decisions made by 
its institutions of governance. The de- 
gree to which it regards those engaged 
in decision-making as legitimate pro- 
vides an approximate answer. 

Technology and Decision-Makers 

Six situations in which decisions are 
made about how to implement a par- 
*:ular technology were set before re- 
spondents (14). The respondents were 



1. To go back to nature desirable 


32.3 


24.6 


8.7 


22.1 


12.2 


2. Life too complicated 


24.5 


33.3 


8.0 


24.3 


10.0 


3. Overdependence on machines 


9.2 


12.8 


5.7 


34.3 


38.0 


4. Technology can solve problems 


5.5 


10.3 


5.2 


30.9 


48.3 



* The full wording of the ahe nation- confidence statements was as follows: 1. It would be nice if we 
would stop building so many machines and go back to nature. 2. Technology has made life too compli- 
cated. 3. People have become too dependent on machines. 4 People shouldn*t worry about harmful 
effects of technology because new inventions will always come along to solve the problems. AH data 
are expressed as percentages (percent acros!^; N = 980). The numbers of people expre^smg no opinion 
ranged from I 5 to 2.6 percent. 
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Table 3. What are the important values to be con<tidcred in the implementation of technology? 



No. who 

^ , considered goal 
of -extreme'- 
importance {7c) 


Mean 
rank- 
ing 


Standard 
devia- 
tion 


N 


To increase employment 


60.6 


3 00 


1.55 


933 


To reduce pollution 


72.3 


3,16 


1.74 


929 


To m?ke life enjoyable 


47.0 


3.33 


1.99 


929 


To reduce taxes 


56.3 


3.71 


1.91 


933 


To improve the lot of poor people 


59.7 


3.76 


1.69 


929 


To improve the US. image abroad 


32.6 


5.05 


1.71 


931 


To increase leisure time 


17.8 


5 96 


1.41 


929 



Table 4. Attitudes and characteristics of the **potential public'* for technological politics. 



Index 



Matrix of association (Pearson's r) 



1. Evaluation of technology 












2. Confidence in 












technology 


.302 










3. Alienation from 












technology 


-.402 


-.349 








4. Effect on standard 












of living 


.273 


279 


-.255 






5. Public under- 












representaiion 


-.311 


-.229 


.207 






6. Party/ideology 


-.3'18 


-.256 


.358 


* 


.328 


7. Age 


.211 


.270 


-.289 


* 


♦ -.303 


8, Pollution rank 


« 


•* 


-.234 




« * * 


9. Regulate technology 




* 


.300 


* 


* * * * 



* Correlation coefficients below li: 2 and not significant. 



then asked to indicate which of eight 
actors or institutions would actually 
have the most (and the least) say in 
making each kind of decision {15). In 
addition, our respondents were asked 
to indicate who ought to have the most 
(and least) say in the same decisions. 
Estimates were then made of the degree 
to which the respondents felt that those 
actors whom they saw as actually mak- 
ing the decisions in these various tech- 
nical ereas were, in their opinion, really 
entitled to do so. Similarly, the degree 
to which respondents saw illegitimate 
involvement in decision processes can 
be estimated. 

The specific results varied somewhat 
from one decision area to another, but 
several consistent patterns emerged, (i) 
Technical experts rated highly; they 
were seen as exercising legitimately a 
great deal of influence over decisions 
in each of the technical areas, (ii) Top 
government leaders drew considerably 
less support. Those interviewed per- 
ceived government leaders to be in- 
volved in all six areas, but in only two, 
space travel and military uses of space, 
was their presence seen as warranted, 
(iii) Business leaders received little or 
no confidence from our sample. While 
they were perceived to be influential in 
four of the six areas, they were not 
welcomed in any of them, (iv) The 



public saw itself as the "actor'* most 
entitled to be involved in all decision 
areas in question. At the same time it 
saw itself as accorded least access to 
them — again in all six areas. 

These data are consistent with a num- 
ber of recent findings. Certain Harris 
Poll results have shown that the public 
places "a great deal of confidence" in 
scientists and engineers; the NSF-spon- 
sored study (5) indicates that a substan- 
tial minority feels that "the degree of 
control which society has over tech- 
nology should be increased." And many 
polls show a significant increase in the 
public's distrust of all public and pri- 
vate institutions. Apparently the institu- 
tions established to represent the values 
which people want used as criteria in 
decisions to be made about technology's 
use have not Vepi up public confidence. 
At the same time, technical experts, sci- 
entists, and engineers, have been able 
to maintain it, at least until now, even 
in the face of apparently substantial 
mistrust of the technological decision- 
making processes themselves. 

This public confidence seems a signal 
accomplishment for the scientific and 
technological communities. It may rest 
on the public's perception of the tech- 
nical expert's role as a man of knowl- 
edge; he is viewed as competent. Sim- 
ilarly, people's distrust of business and 



government could be a reaction to what 
they perceive as the inability of these 
groups to get things done correctly; 
what they consider failure on the part 
of businessmen and politicians to meet 
public commitments they may attribute 
simply to incompetence. 

An alternative explanation can be 
found in the distinctions noted by 
Herbert Simon between factual and 
valuation al premises as components of 
decision-making {16). The ability to 
render a competent decision requires 
factual knowledge. A person's knowl- 
edge about a decision situation legiti- 
mizes his involvement in it; hence, as 
we have just noted, the trusted stature 
of technical experts in the public's mind. 
But valuational elements also are an 
integral part of any decision process. 
Advocating certain social values, politi- 
cal and business leaders claim the right 
to participate in decisions on technologi- 
cal issues. In so doing — in setting goals 
and establishing priorities — they are ex- 
pected to reflect the public's value 
interests; otherwise, they lose that right 
and their involvement in technological 
decision-making will begin to be con- 
sidered invalid. That those interviewed 
in our survey evinced just such a mis- 
trust of business leaders and govern- 
ment officials opens doubt that these 
decision-makers were really represent- 
ing the public's value preferences. At 
the same time, the public clearly ac- 
corded itself legitimacy to participate 




2 0-3 0 4 0-5 0 6 0-7 0 
1 0-2 0 3 0-4 0 3 0-6 0 

Fig. I. Frequency distribution of Gun- 
man index of evaluations of tmpUmentcd 
technologies (mean, 4.846; variance, 
2 100, standard deviation. 1.449). 
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in decisions on technological matters 
while feeling far removed from any ac- 
cess to the decision process. 

These findings have direct implica* 
tions for scientists and engineers: (i) As 
opposing value preferences continue to 
compete in the decision process, the 
scientific and technological communities 
will almost inevitably be drawn deeply 
into political controversy. Technical ex- 
perts could be pressed to represent 
social values as well as to provide 
factual information for policy decisions 
(17). (ii) That members of the public 
are seriously disquieted about the exist- 
ing decision processes related to tech- 
nological development could result in 
strong pressure for its public control, 
(iii) Should that occur, and should the 
public begin to link scientific discovery 
determinantly to the negative effects of 
technology, the relative autonomy of 
science could diminish. 



Technology and the Potential 
Public for Political Action 

Whatever the public's attitudes, they 
are not likely to become the basis for 
public policy unless crystallized into 
articulate demands for change. Efforts 
to voice demands, to organize pressure 
for or against policies and political can- 
didates come only from those portions 
of the gx^neral population motivated to 
action. Those people mosi likely to be- 
come involved in activities calculated 
to prompt policy action on technology- 
related matters we shall call here the 
"potential public" for technological poli- 
tics (18). 

Certain aspects of social life seem a 
priori to make people aware of and 
interested in policy for science or tech- 
nology. More highly educated people, 
people who have voted m past elections, 
and people who hold jobs closely in- 
volved with some type of technology 
arc likely to number disproportionately 
among the citizenry concerned with 
such policy. To the extent that the 
public enters into controversies involv- 
ing technology, participants and leaders 
in the debate are likely to come from 
the segment so described. To the extent 
that decision-makers monitor public at- 
titudes, they will feel the views of this 
potential public disproportionately. How 
then did our respondents feel about the 
social effects of technological develop- 
ment? 

Using the factors noted above, we 
developed a scale by means of which 
Q ~ spondents scoring on its upper half 
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were designated the potential public. 
Thirty-one percent of the sample (303 
respondents) fell into this group. This 
number represents a fairly substantial 
proportion of our total sample, prob- 
ably higher than the putative national 
figure, because of the higher education 
level of Califomians. Comparison of 
the potential public with the remain- 
der of the sample showed that the only 
major differences in demographic and 
political characteristics were that the 
potential public was somewhat younger, 
made several thousand dollars more per 
year, and on the average had 2 more 
years of education (about 2 years of 
college). While the potential public was 
a bit more "pro-technology" with re- 
spect to the variables reported above, 
the differences were too small to sub- 
stantively significant (79). In short, the 
potential public for technological poli- 
tics is generally similar to the rest of our 
sample over a wide range of opinion. 

A very interesting difference between 
the potential public and the rest of the 
sample, however, is the degree to which 
their attitudes arc interrelated. For 
those not included in the potential pub- 
lic, most attitudes appear to be hap- 
hazardly organized. That is, they display 
no consistent pattern of internally coor- 
dinated opinion. But the potential public 
docs exhibit a patterned and cohesive 
set of attitudes toward the outcomes 
of scientific work and toward techno- 
logical activities. While we do not wish 
to suggest that the attitudes of the 
larger group arc unimportant, its rela- 
tively random responses do indicate that 
it is not likely to be a source of much 
criticism. The issue area apparently 
lacks salience for these people. They 
are therefore likely to be acquiescent to 
policies governing technology, unless of 
course they are personally confronted 
with visible outcomes of such policies 
or lack of such policies as was the case 
for gas station owners, truckdrivers, and 
others during the recent fuel distribution 
emergency. 

Nine indices were used to analyze re- 
lationships among this potential public's 
attitudes: (i) a technology evaluation 
index, as described in Fig. I; (ii) an 
index of confidence in technology, com- 
posed of the last two items in Table 2; 
(iii) an index of technological alienation, 
m which we used the first two items in 
Table 2; (iv) an index of an effect on 
standard of living, indicating the degree 
to which it was believed that there would 
be ''a decline in the standard of living 
if there were less technological develop- 
ment'*; (v) an underrepresentation index, 
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summarizing the degree of perceived 
illegitimate exclusion of the public in 
the decision-making process for three 
forms of public technology — rapid 
transit, military technology, and space 
exploration; (vi) pollution rank, indicat- 
ing the importance placed on environ- 
mental concerns compared with other 
criteria; (vii) an irJcx of technology 
regulation, in which we used the last 
three items in Table I; (viii) age; and, 
(ix) u six-point scale combining party 
and ideological identification ranging 
from *'liberal Democrat" to '^conserva- 
tivc Republican" (20). 

Our primary interests here are those 
attitudes toward technology which fall 
into three are*-'* of opinion: (i) attitudes 
associated with evaluations about spe- 
cific benefits of present technology; (ii) 
attitudes associated with confidence or 
lack of It about depending on technol- 
ogy to solve social problems; and, (iii) 
attitudes related to a feeling of disen- 
chantment with, or alienation from, 
some of the general conditions prompted 
by technology. Such opinions would 
indicate how the potential public sees 
specific uses of technology for the near 
future and what its feelings are about 
the longer term, broader consequences 
of technological development. 

The data show that the potential 
public, tike the entire sample, was gen- 
erally positive about the benefits of 
present technological development, over 
65 percent indicated that these develop- 
ments had been appreciably beneficial, 
while only 16 percent believed that they 
had not been. There was much less 
confidence in the idea that our dcf end- 
ing on technology as a solution to 
present problems is sensible: only slight- 
ly over one-third (35 percent) felt quite 
sure that it is sensible, while almost 
half (49 percent) feit that it is not. Final- 
1>, while the feelings of the potential 
public did not extend to widespread 
alienation by the more general condi- 
tions prompted by complex technologies. 
45 percent reported some sense of 
alienation. 

The first three indices display a con- 
sistent set of reb lions. Table 4 shows 
that those who regarded present tech- 
nology as beneficial also tended to ex* 
press confidence in technology and to 
hold fewer alienated attitudes. Similarly, 
those who expressed confidence in the 
efiicacy of technology also expressed less 
disaffection. Each of these indices had 
other correlates. Those people who posi- 
tively evaluated present technologies 
also tended to believe that technology 
IS necessary for maintaining our stan- 
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Table 5. Regression coefficients from the "potential public," calculated for primary attitudes and other factors. 



Index 


Evalu' 
9*ion 


Confi- 
dence 


Alien- 
ation 


Living 
stan- 
dard 


Repre- 
senta- 
tion 


Party 


Age 


Pollu- 
tion 


Regu- 
late 


R 


Evaluation of technology 




.11 


-.20 


.15 


-.16 


-.17 


« 


* 


* 


.53 


Confidence in technology 


.11 




-.24 


.17 


-.10 




.15 


* 


.17 


.49 


Alienation from technology 


-.18 


-.21 




-.11 


* 


.18 


* 


-.15 


.24 


.60 



•Not significant at P < .05. The standard error m all instances ranged from 05 to .06. for rcgrc»sion. N = 262 



dard of living (r = .273) and to be less 
inclined to feel that the public is under- 
represented in decisions about gov- 
ernment-supported technologies (r = 

— .311). People who gave positive eval- 
uations were, notably, somewhat older 
(r= .211) than those who did not and, 
probably associated with this age factor, 
they were relatively conservative politi- 
cally. The intervening variable of ideol- 
ogy correlates (r = — .348) with the 
positive evaluations. The degree to 
which our respondents were confident 
or dtibious about depending on tech- 
nology for solving problems displayed 
a similar set of associations. For this 
variable, however, we observe a some- 
what stronger relationship with age and 
a bit less pronounced association with 
political ideology. 

The more general attitudes which we 
have summarized as a feeling of "aliena- 
tion" — attraction to the idea of a less 
complicated and more natural world — 
were associated with the greatest num- 
ber of other attitudes. Those who tended 
to express a disaffection toward tech- 
nology also tended to put a lower evalua- 
tion on the benefits of technological 
development and to have less confidence 
in technology as a problem solver. They 
were also more skeptical about the 
necessity of technological development 
for the sake of maintaining present 
standards of living (r= — .255) and 
were concerned about public repre- 
sentativeness in technological decision- 
making (r — .207). In addition, their 
aIien«'»tion was related to the conviction 
that the eflects of pollution should be 
more taken into account whenever tech- 
nological decisions are being made (r = 

— .300) and, perhaps more significant- 
ly, to an increasing propensity to con- 
sider seriously the need for regulating 
technology (r =z — .234). Those tend- 
ing toward feelings of alienation were 
relatively young (r - — .289). This age 
factor was probably associated with 
their partisan and ideological persua- 
sions for they were also preponderantly 
Democratic and liberal (r= — .358). 
Thus in the potential public a number 



of attitudes based on judgments about 
the relationship of technology to eco- 
nomic well-being, on concerns for the 
environment and for democratic deci- 
sion-making, and on approval of regu- 
lation of technology were consistently 
related to ^ more generalized condition 
of technological dissent. 

To complete our analysis, regression 
coefficients were calculated for the pri- 
mary factors to determine the propor- 
tion of variance explained by the set of 
attitudes discussed above (see Table 5). 
Some of the associatioiis considered in 
Table 4 proved to be dependent upon 
an intervening variable. Nevertheless, 
age, political differences, dissatisfaction 
with decision-making, and value judg- 
ments remain important predictors of 
attitudes toward technology (21), 

Summary 

Our analysis of the interviews with a 
sample of the California public about 
a range uf their attitudes toward tech- 
nology shows that a modification of our 
understanding of the collective state of 
mind on this subject is in order. The 
current assessment of the public as 
largely, and somewhat vacantly, enam- 
ored with science and technology does 
not hold. Nor does a picture of a public 
generally hostile and alienated by tech- 
nology. Neither panglossian optimism 
nor prophecies of doom can be sup- 
ported by these interviews. Rather a 
more mixed picture emerges. Out of 
that picture, a potential public can be 
isolated, whose mood it behooves sci- 
ence policy-makers to watch. This group 
tends to associate a number of related 
conditions with technological develop- 
ment; moreover, it is likely to make 
assessments on those relationships so 
perceived. 

To the degree this group has "anti- 
technological" feelings, these feelings 
are clearly linked to the group's aware- 
ness that the social consequences of 
technology can produce conditions 
which threaten important values. The 
particular distribution of age and politi- 
cal identification suggests that those who 



are young and who identify themselves 
as "liberal" form the core of potential 
opposition to technological development 
and that such opposition is at least in 
part a function of different value prefer- 
ences. The associations between political 
identification and attitudes about tech- 
nology, distrust of decision-making, and 
concern for environmental impacts all 
make this point. In short, "technological 
dissent" cannot be written off as anti- 
intellectual and without foundation. It 
is, in fact, preeminently sensible. 

What the alignments visible within 
the potential public portend for the 
future is not clear, although they do not 
allow us to accept an inference drawn 
from past studies — that because the 
young retain confidence in scientists 
and engineers all is well for the jeneral 
climate of science and technology. We 
can only speculate whether, as these 
younger people grow older, they "'ill 
carry their uneasiness about technology 
with them. Were they to do so, and 
were this group to be joined by still 
younger people who also hold these 
wary attitudes, the context of scientific 
and technological work could become 
much more fraught with political con- 
troversy. Another point emerging from 
our interpretation is how very crucial 
to continued free scientific inquiry is 
the distinction between scientific work 
and technological activities apparently 
now made by a sizable portion of the 
public. Should this distinction become 
lost, perhaps through continual merging 
of science's role with technology's by 
the popular press, attitudes now mainly 
associated with technology could spill 
over to scientific research as well. 

Yet our data also provide evidence 
of the successes of the scientific and 
technological communities. They have 
become such a critical part of life that 
people are seriously concerned with 
their future development. The oppor- 
tunity is present for both communities 
to find ways of responding to the situa 
tion so that thoughtful action can be 
taken to implement technology for the 
benefit of the commonweal. 
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Meeting needs tor public understanding ol 
science was adopted as federal policy in 
1950 legislation creating the National Sci- 
ence Foundation. On the basis of currently 
low levels of citizen comprehension, that 
original NSF program can hardly be viewed 
as successful. But how should we expect any 
federal program to buck a powerful cultura' 
tide? 

Huizinga addressed this issue almost half 
a century ago (I) As he wrote, universal 
education and modem publicity, instead of 
^•^•sing the level of culture, have produced 



symptoms ot devitalization and degenera- 
lion. Science as new knowledge has not set- 
tled into the culture, and the aggregate of 
discoveries cannot be equated to culture. 

Among knowledge consumers, with 
everyone getting a taste of everything, there 
is depreciation of critical judgment. And that 
process h^s been accelerated by techniques 
of mass entertainment wherein participation 
slides from active to passive mode, speeding 
abdication of informed judgment to others. 
Everyone becomes a trivial, Monday morn- 
ing quarterback. 
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As to the scientific community, it has con- 
sidered It primary role as one of acquiring 
and extending knowledge, leaving to others 
the roles both of educating the public about 
the social implications of science and of ex- 
ercising responsibility over ways and means 
for adapting and cc trolling natural forces 
The scientific community may also share in 
the blame for weakening of an intellectual 
conscience that underpins critical discern- 
ment. 

Granted, various groups of scientists have 
become crusaders for specific issues. A few 
have tackled broader questions of survival. 
While not identified with causes as such, 
other scieniiats have become ac jvists in their 
own community, applying then expertise to 
local issues. 

Professional organizations also now get 
involved Journals have carried articles on 
key policy issues to enlighten members. 
Some organizations have confirmed their 
tax-exempt status, then summoned up their 
courage and taken public positions, sub- 
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milled iesiimony» and stepped up aiieniion to 
professional activities in which ethical di- 
mensions of social responsibilities are at 
stake. The concepts of technology assess- 
ment have begun to be integrated into pro- 
fessional engineering practice and teaching. 

Looking ahead, the scientific and engi- 
neering communities could be of more direct 
assistance through heavier commitment of 
their professional societies to public interest 
activities and to citizen understanding At 
present » organizations of scientists and engi- 
neers devote the greatest fraction ol their in- 
come from dues to dissemination of techni- 
cal information. The public is never ex- 
cluded« but the content and style of such 
communication are so highly specialized as 



to discourage participation by any but the 
expert. 

Thus the scieiftific community and the en- 
gineering professions have failed to help the 
other 98 percent of the population who are 
nonspecialists to grasp the technical founda- 
tions of modem life and associated threats to 
survival. Some of the difficulty arises from 
Cultural isolation of the scientific and engi- 
neering communities. One antidote lies in a 
more systematic exposure to issues that con- 
cem society generally »^ especially regarding 
those whose lives seldom intersect the tech- 
nical aristocracy, and whose consequently 
remote concerns and dreams are alien and 
heard vicariously, if at all. When the techni- 
cal community recognizes that it must ad- 
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dress the stark questions of who wins, who 
loses, and how much, then they may also 
recognize that the attack on these questions 
of cultural and psychological as well as op- 
erational effects involves a kaleidoscopic 
blend of technical with social knowledge. 
This surely will widen the perspective and 
enrich the value base intrinsically present in 
all judgments that the technical community 
is called upon to make on technology- 
intensive public policy (2). 
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Important to the future of science and 
technology is the fact tha' *he public has 
somewhat lost confidence .,i the ultimate 
value of the scientific endeavor It is not that 
they hold pure science or scientists m any 
less esteem. But they are less certain that 
scientific research will inevitably yield pub- 
lic benefit. 

For the first time in centuries, there are 
thoughtful persons who are not morally cer- 
tain that even our greatest achievements do, 
indeed, constitute progress To some philos- 
ophers it is no longer clear that objective 
knowledge is an unquestioned good Glimp- 
ses of such doubts have emerged in public 
discussions of nuclear energ> . or sociobiolo- 
gy, and, most recently, in the heated but 
foolish discussions of research utilizing re- 
combinant DNA The intellectual elite in ev- 
ery era has always been pessimistic But to- 
day, concerned that *'that which can be done, 
will be done,'* there has arisen an anti- 
scientific, antirationalistic trend that should 
give us pause. At its ugliest — or most 
absurd — it finds expression in gurus, tarot 
cards, and astrology, faddist approaches to 
nutrition, and easy assertion and acceptance 
of unfounded allegations of environmental 
hazard. That antiscience attitude per- 



niciously infiltrates the news media, affect- 
ing the intelligentsia and decision-makers 
alike. It must be confronted at every oppor- 
tunity. 

The public image of science and scientists 
has been distorted by the participation of sci- 
entists in public policy fomiation. Beneath 
the surface the environmental and consumer 
movements may be an expresssion of an- 
omie, a cry of protest for the sense of 
powerlessness of the individual educated 
citizen — patently a serious sociopolitical cir- 
cumstance. However, a frequent surrogate 
for that deep-seated complaint is an expres- 
sion of concern about the safety of some 
product or technology, based always on an 
assertion of risk that was first brought for- 
ward by some member of the scientific com- 
munity. The societal response has been at- 
tempts at examination of such matters by risk 
and cost/benefit analysis. Well, nsk/beiiefit 
analysis can certainly inform the decision- 
maker. But his decision must necessarily still 
turn on a value judgment, conditioned by his 
social, economic, philosophic, and religious 
views. But that is the nature of the political 
process. The public acceptability of a given 
level of risk is a political, not a scien* ^, 
question. 



Difficulty anses in the scientific commu- 
nity from confusion of the role of scientist 
qua scientist with that of scientist as citizen, 
confusion of the ethical code of the scientist 
with the obligation of the citizen, blurring 
the distinction between intrinsically scientif* 
ic and intrinsically political questions. When 
scientists fail to rtcognize these boundanes, 
their own ideological beliefs, usually un- 
spoken, easily becloud seemingly sciemitic 
debate. 

A decade ago it might have been desirable 
to flag potential hazards for public attention 
and proceed as if each were a clear and pres- 
ent danger. It is time to return to the ethics 
and norms of science so that the political 
process may go on with greater confidence. 
The public may wonder why we do not 
already know that which appears vital to 
decison — but science will retain its place in 
public esteem only if we steadfastly admit 
the magnitude of our uncertainties and then 
assert the need for further research. And we 
shall lose that place if we dissemble or if we 
argue as if all necessary information and 
understanding were m hand. Scientists best 
serve public policy by living within the 
ethics of science, not those of politics. If the 
scientific commur..ty will not unfrock the 
chariatans, the public will not discern the 
difference — and science and the nation will 
suffer. There is, in short, a large burden on 
the scientific community to be seen as con- 
structive in dealing with real problems, as 
straifthtforward,^ forthcoming, honest, and 
courageous — not intimidated,* as all too 
many have been for the last decade. — 
Excerpted from a speech on "Science and 
the American Future," given at Duke Uni- 
versity, Durham, North Carolina, on 6 
March 1980. 
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One of the more vexing questions con- 
fronting scientists whose research may have 
a direct impact on the lives of the public has 
to do with the prcssuix^s to release observa- 
tions and conclusions prematurely. One ex- 
ample is the question of early dissemination 
of information beanng on the likelihood of a 
major earthquake. 

Geo physicists generally agree that results 
of earthquake prediction studies to date« 
although promising, do not indicate early 
arrival at the goal of providing accurate pre- 
dictions of the time, place, and magnitude of 
large earthquakes. It is possible, from ret- 
rospective looks at phenomena immediately 
preceding some large earthquakes and from a 
few accurately predicted events such as the 
1975 Haicheng earthquake in northeast Chi- 
na, to see certain premonitory patterns 
However, when confronted by one or nriore 
apparent anomalies in geophysical observa- 
tions in earthquake-prone areas, what is the 
responsible course of action for the scientists 
involved? 

There have been too few repetitions of the 
precursor-earthquake relationship to allow 
any realistic estimates of the probability of 
an earthquake's occurrence. Therefore, at- 
tempts to inform the public of the scientists' 



concern over potentially precursory changes 
must be so hedged with qualifications that 
public officials would have no basis for tak- 
ing any but routine precautionary measures, 
such as leaving fire trucks outside fire sta- 
tions. Estimates of the time and magnitude 
of the possible event would probably be too 
uncertain to call for such measures as 
evacuation of unsafe structures and shut- 
down of nuclear reactors. However, between 
these extremes there is still a range of pre- 
cautions that could be taken, although at 
some expense and with some loss of normal 
public services. If a severe earthquake 
following a vague warning does occur with 
injury and loss of life, does the failure of 
public officials to act render them liable for 
civil suits? If, on the other hand, the earth- 
quake does not take place, are the costs of 
having taken routine precautions likely to re- 
flect on the competence of the officials? In- 
direct costs to individuals, such as loss in 
property value, might also make for civil 
liability. 

In our litigious society, little allowance is 
made for normal human errors if they have a 
substantial effect on someone's pocketbook 
or health. A course of action might be to 
maintain that earthquake prediction is still a 



subject for research and that no results,, at 
present, warrant short-term or public warn- 
ings. A critical, objective look at the assem- 
bly of precursory phenomena collected up to 
now might lead most scientists to take this 
stance, in view of the potential for litigation 
and loss of public confidence to ensue from 
erroneous public predictions. 

A different position has been taken in the 
past. In 1979 the U.S. Geological Survey 
issued a press release noting anomalous vari- 
ations in radon emission and strain 
accumulation in southern California. It was 
hoped that the release would spur prudent 
homeowners to prepare for a possible large 
earthquake. A factual account of the 
observations and their significance, or lack 
thereof, is the only way to dispel the rumors 
that flourish in the absence of official state- 
mentu. Thus, discussion of the observations 
has appeared to be the soundest polic) de- 
spite uncertainty about the public's reaction 
to the expressions of concern accompanying 
the discussion. 

As our understanding of precursory phe- 
nomena improves, there will undoubtedly be 
warnings that arc more specific and hence 
likely to occasion a serious response. Unless 
allowances are made for the possibility of an 
erroneous or ill-timed warning, few scien- 
tists will be willing to risk the opprobnum 
and litigation that could arise from open dis- 
.cussion. Thus, there is a conflict between the 
public's need for information and the scien- 
tists' need to be protected against threats to 
their livelihood. Unless some legal protec- 
tion IS forthcoming, the matter will most 
likely be resolved by the scienlists retreating 
to an uninformative conservatism when 
asked to interpret their results in tht public 
forum. 
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Debate over the social responsibilities of acudcmics and their 
institutions often mirrors changing social conditions. In re- 
cent years, discussions have focused on appropriate re- 
sponses to the shifting global economy and political tensions between 
the United States and the Soviet Union. Should faculty members 
direct 'Iieir efforts toward research designed to provide a competitive 
advantage for U.S. interests? Should universities collaborate with 
industrial sponsors to stimulate more productive and innovative tech- 
nologies? When science becomes a source of national and com- 
mercial advantage, how can the principles of autonomy and in- 
dependence that have traditionally characterized the work of scien- 
tists and their institutions best be protected? 

This chapter examines sources of major social tensions and oppor- 
tunities for adapting science to the challenges of the modern world 
Scientists are cautioned, man editorial by j.R. Pierce, to be careful in 
seeking government funds to support their research goals. Dorothy 
Nelkm's article illustrates how changes in the public status of science 
affect the control of research data and other forms of intellectual 
properly by analyzing selected legal and administraiive disputes 
involving access to scientific information. 

Emerging relationships between universities and industrial spon- 
sors offer another subject for debate A Banlett Giainatti. Robert 
Varrin and Diane S. Kukich. Philip H. Abelson. and Robert L. 
Sproull all highlight noteworthy initiatives., but their enthusiasm is 
often tempered with concern about potential conflicts between the 
world of academia and the world of commerce. Industry is advised to 
respect and support values that have long characterized basic research 
— openness, sharing of research data, equipment, and personnel, and 
the right to publi:;h and disseminate findings without artificial con- 



straints or bamers At the same time, universities are warned to avoid 
entrepreneurial actions that could jeopardize their scholarly integrity. 

in addition to these concerns, leaders of the American scientific 
community urged their colleagues to turn attention to global problems 
that bad been long neglected. An article by David A. Hamburg 
encourages scientists to apply the tremendous resources of science 
and technology to the social problems presented by the prevalence of 
totalitarian governments and the proliferation of nuclear weapons. 
Gerard Piel. in an editorial, again underscores the need to protect 
openness in science, "without publication, science is dead." 

Problems less global in nature but nonetheless indicative of the 
social tensions permeating through science and technology in recent 
times are discussed in Ronald L. Numbers's article on creationism in 
twentieth century America and in Bnan G. Zack's editonal on abor- 
tion. Each provides a glimpse of the conflicts that surface when 
scientific expertise enters spheres once dominated by religious au- 
thonty . We see again a search for balance and new efforts to define an 
appropriate relationship between moral principles and scientific 
facts. ' 

Another aspect of tensions in modem science is evident in recent 
concerns about the impact of fraud and misconduct in science. As 
scientists are caught up in competitive pressures and research supervi- 
sion becomes lax. the incentive to cheat and cut corners becomes 
tempting. Can the .scientific" community effectively deal with mis- 
conduct by Its members? Are tighter govemmental controls necessary 
to ensure th^ integrity of research? This dark side of science is 
examined in the following chapter, as authors consider the need for 
institutional reforms in light of reports of deception by scientists 
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Scientists include a few inspired and dedi- 
cated individuals, some self-deluded charla- 
tans who overestimate what they know and 
can do, and a very large number of in- 
telligent, well-taught, skilled, and talented 
men and women who are capable of con- 
tributing substantially to man's knowledge, 
capabilities, and welfare. 

Scientists have friends in government who 
want to see them well nourished and well 
employed. Scientists also face serious 
hazards and temptations. Scientists are 
assailed by people who believe that ignorant 
and intense talk, concern, love, hate, and 
social and political action bring human bet- 
terment rather than stultifying and unprofit- 
able conformity. Scientists are tempted by 



others who want to give them huge sums of 
money toward ends that scientists have 
neither the knowledge to reach nor highly 
promising avenues of approach. 

Mammon worship holds that money can 
buy anything. Organization worship holds 
that organization can accomplish anything. 
Money can buy many scientists, but it cannot 
always buy results. Organizations can con- 
sume scientists, but they do not necessanly 
produce results. 

With money and organization, the atom 
bomb was made quickly, because scientists 
already knew how to go about making it. 
Money and organization put men on the 
moon, because scientists know how to get 
there. Money and organization have not pro- 



duced fusion power o' a cure for cancer be- 
cause scientists do not yet know how to 
attain these goals. Scientists do know that 
tile acl. evement of these goals will require 
basic understanding that they do not yet 
possess They do have fruitful ideas for re- 
search. They cannot predict when research 
will give them the knowledge necessary to 
attain the goals, but they will know when 
research has produced adequate basic Ivnowl- 
edge to make the goals attainable. 

Ill the end, most scientists will do whatev- 
er there is money for doing. Scientists know, 
or should know, which socially and econom- 
ically useful goals are within reach and 
which have a good chance of accomplish- 
ment through promising research. Yet, in 
their personal and collective actions, scien- 
tists often seem more concerned with the to- 
tal number of dollars, with the public image 
of science, and with the cry for certain 
specific results than with the sensible selec- 
tion and vigorous pursuit ot fruitful areas of 
research and application. It will be a sad 
thing for scientists if they fail t'^ choose 
wisely and act energetically toward valuable 
and attainable goals — for, if they do not 
choose what they shall do, others will choose 
for them. 




The Congress of the United States has 
asked medical science to tell it when human 
life begins. The very asking of the question 
by a legislative body, the directing of the 
question to the field of inquiry known as sci- 
ence, and the answering of the question by 
scientists indicate a misunderstanding of the 
appropriate roles and relationships of science 
and jurisprudence. 

Science is only one of a number of valid 
fields of inquiry, and it must not take on 
itself the responsibility for providing an- 
swers to questions outside its proper realm. 
Science deals with the prediction and ex- 
planation of events in the physical (including 
biological) world. Far from dealing with 
absolutes of truth and right, it attempts to 
construct a hypothetical model of reality 
which reflects as closely as possible the 



world perceived by our senses and. when our 
senses are insufficiently precise, by our in- 
struments. 

Life, in a scientific sense, is a hypothetical 
construct which is valid only to the extent 
that It aids in accurately conceptualizing the 
biological worid. It is a powerful concept 
precisely because it has performed that func- 
tion so well. But life, to the scientist, is not 
an elemental quality, as were earth, fire, air, 
and water to the ancients. It is a state of 
being, a matter of d^*^nition. and the line 
between life and nonlife is not always drawn 
easily. Is the smallest known virus particle 
alive? 

This same discussion can be applied to 
any scientific conceptualization or defini- 
tion, including the definition of human. The 
scientist, as a model builder of perceived 



reality, is justified in defining life, and in 
defining human, and in concluding that with- 
in this scientific conceptual model the fertil- 
ized egg of a human being is m itself a hu- 
man life. 

Junsprudence, as a field of scholarship, 
and legislative action, as one uf its practical 
applications, are concerned with ver> dif- 
ferent sorts of inquiry Broadl> speaking, the 
law has as its purpose the establishment of a 
code of conduct to govern the actions of the 
members of a community in order (at least in 
our society) to eiable them to best live 
together in harmony. One of the most basic 
fun' lions of the law must then be to identify 
those actions which are abhorrent to the 
community and outlaw them. Thus murder, 
con.^idered abhorrent by most members of 
most communities, is widely regarded by the 
law as the most serious of crimes. And so the 
law wanii science, the definer of life and the 
definer of human, to tell it when human hfe 
begins, so that it may know when to define 
its ending as a crime. 

It must now be clear that the human life of 
the scientist's perceptual modeling and the 
human life whose inviolability the law seeks 
to ensure are coincident ally the same words 
used in tv;o entirely different conceptual 
frameworks. The law wants to know if the 
zygote, embryro, and fetus are human lives 
because it wants to know if these entities are 
entitled to the same rights and protections 
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which the community has agreed to confer 
on human beings who have already been 
bom. 

The issue is thus not whether the zygote ♦ 
embryo, and fetus are human lives in a 
scientific, definitional sense. The asking of 
that question is testimony to a profound mis- 
understanding of the capabilities and limita- 
lions of science. The issue is at what stage of 
development shall the entity destined to ac- 



quire the attributes of a human being be 
vested with ihc rights and protections 
accorded that status. It is to the moral codes 
of the people that the law must turn for guid- 
ance in this matter, not to the arbitrary defi- 
nitions of science. The people arc. of course, 
divided; the separate and combined in- 
fluences of religious belief, secular morality, 
personal experience, blind emotion, and 
even caprice will be felt on all sides of the 



issue. It will be the difficult task of the law- 
makers to create from this turmoil a reasoned 
and just code of action, but these an the 
voices which must first be heard. Science 
may never make moral judgments, the law 
must. To ask science <o define human life in 
scientific terms for use by the law in moral 
terms is a travesty of both honorable tradi- 
tions. 




^svf ^1 ^^^^ 



Who should control scientific informa- 
tion? This issue is at the center of a 
growing number of legal and administra- 
tive disputes To whom do the data from 
federally funded research belong: the 
scientist who does the research or the 
government agency that pays for if* At 
what point in the research process are 
the data to be made available to interest- 
ed citizens, competing scientists, or in- 
dustrial firms? May the research'i-s 
themselves use their data and ideas in 
any way they choose? 

Such questions have long been contro- 
versial because of the application of sci- 
ence to practical problems and its role in 
public affairs. They have become more 
urgent, however, as the gap between the 
production of knowledge anu its applica- 
tion has narrowed. Related changes in 
policies concerning information disclo- 
sure, university-industry collaboration, 
patenting, and military security follow 
directly from the utility of research, turn- 
ing scientific data and even ideas into 
^'intellectual property** — something that 
is **owned or possessed** and therefore 
subject to competing claims (/). 

Few principles exist to establish a defi- 
nition of intellectual property. A con- 
gressional committee report has de- 
scribed the confused state of government 
information policy: the ""profusion of 
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inconsistent and often conflicting laws, 
policies and practices*' (2). With few 
guiding principles, the struggle over con- 
trol of scientific data and ideas has taken 
the form o^ discrete disputes in which all 
parties scake their claims in terms of 
moral rights and responsibilities: the 
"right to know,** the "right to privacy." 
the "right to access.** the **right to con- 
trol one's own product,'* the "obligation 
to protect research subjects," and the 
"responsibility to protect the public in- 
terest.'* 

Scientists who accept public funds are 
required by federal regulations to be 
accountable for the use of those funds, to 
give the funding agency access to their 
results as stipulated in a prior agreement, 
and to accept concomitant public disclo- 
sure. The federal agency's specific 
choice of funding instrument has itself a 
practical importance for the recipient's 
control (i). Exl n in the case of classi- 
fied military research, scientists assume 
that data from projects funded by grants 
(as opposed to contracts or cooperative 
agreements) belong to the researchers. 
External controls on work done under 
grants are seen as a threat to the quality 
and integrity of research and an infringe- 
ment on scientific freedom. In this con- 
text, applying concepts of **property" to 
scientific ideas is extremely controver- 
sial. 

Much of the recent discussion about 
intellectual property in science has fo- 
cused on the commercialization of bio- 
medical research, but this is only part of 
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a wider phenomenon. By describing di- 
verse disputes over the control of re- 
search, I hope to suggest ihc broad range 
of situations in which questions of intel- 
lectual property have become important, 
the implications of recent changes in the 
relation of science to government and 
industry, and the problems involved in 
negotiating the principles of ownership 
and control {4). 

Public Access versus 
Professional Control 

In 1976 a group of physicians filed a 
request under the Freedom of Informa- 
tion Act (FOIA) for data gathered during 
a long-term clinical study of the effects of 
five diabetes treatment regimens, in 
which 1000 patients had been monitored 
over periods ranging from 5 to 8 years. A 
private consortium called the University 
Group Diabetes Program (UGDP) had 
conducted the study under the sponsor- 
ship of one of the National Institutes of 
Health (NIH). Under the terms of the 
grant NIH had the right to access to the 
raw data, but it never exercised that 
right. 

The UGDP researchers found that cer- 
tain regimens might increase the inci- 
dence of heart disease without any off- 
setting benefits. When they published 
these findings, the FDA recommended 
changes in the use and labeling of a 
particular diabetes treatment drug. An 
association of physicians, concerned lest 
a useful drug be removed unnecessarily 
from the market, requested access to the 
raw data and when refused brought suit 
(5). The U.S. Court of Appeals in 1978 
ruled against disclosure on the grounds 
that the data, which were not actually in 
the possession of NIH, did not constitute 
"agency records,** defined by statutory 
language as material that 2n agency has 
"created or obtained.*' In a dissenting 
opinion, however. Judge David Bazelon 
argued that federal funding of the re- 
search and reliance on the data for regu- 
latory action were sufficient reasons to 
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require disclosure and that, under FOl A. 
data underlying government actions 
must be open. In 1980 the Supreme 
Court upheld the ruling of the lower 
court, avoiding the policy issue concern- 
ing the public's right of access and bas- 
ing its decision on the narrow legal ques- 
tion of possession. 

A case with a different outcome also 
turned on the principle of custody. In 
1978 MiloShannon-Thornberry complet- 
ed data collection on the socioeconomic 
factors affecting infant feeding practices 
and the relative effect of bottle and 
breast on morbidity and mortality rates. 
A group of nonprofit church organi^a- 
tions had sponsored the research. Lack- 
ing the resources to convert the data to 
computer records. Thornberry enlisted 
the facilities of the Department of 
Health, Education, and Welfare's Center 
for Disease Control (CDC) to help in the 
tabulation. He agreed in return to n^ake 
the survey material available to the fed- 
eral agency. In September 1979 two 
manufacturers of infant formula, Mead- 
Johnson and Abbott Laboratories, re- 
quested the raw data. Thornberry object- 
ed. He had collected them with private 
financing and claimed prior rights to ana- 
lyze and publish them. He feared that the 
intent of the request was "industrial sab- 
otage" of research threatening to corpo- 
rate interests. In fact, a division of Ab- 
bott later circulated to physicians a letter 
undermining the credibility of the re- 
search. 

In April 1980 a federal district court 
held that the CDC's possession of the 
data and its involvement in the project 
defined the data as * agency records" 
(6). Although CDC's role in the research 
was mostly clerical, the court considered 
disclosure to be proper: it chose to avoid 
the policy question about the intent of 
FOIA requests. 

In other cases the courts have taken a 
more substantive view of requests that 
threaten professional control. James Al- 
len, of the University of Wisconsin, had 
been working on a long-term, federally 
funded study of the effect of dioxin on 
rhesus monkeys. In 1979 he presented 
preliminary results as testimony during a 
hearing of the Environmental Protection 
Agency (EPA) on the use of dioxin in 
commercial pesticides. After the hear- 
ing, Dow Chemical Company tried to 
obtain all the data from Allen's study, 
arguing that if results were made public 
the background data should be available 
as well. Allen objected, on the grounds 
that the work was not completed or 
properly analyzed and that the testimony 
only a preliminary progress report. 
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An EPA administrative law judge grant- 
ed Dow's request and issued a subpoena, 
but Allen refused to comply, on the 
principle of the scientist's right to auton- 
omy. Following this reasoning, a U.S. 
district court overturned the ruling, 
agreeing that disclosure of data to a 
company with vested interests could 
jeopardize a costly study and that the 
public interest was better served by 
withholding data until after peer review 
(7). This decision was uphelo by a feder- 
al appeals court in 1982. 

The right of public access to informa- 
tion is sometimes invoked to obtain 
copies of unfunded research proposals. 
Requests to NIH for copies of proposals 
increased from ,"^00 in 197,S to more than 
1600 in 1979 [8). Although only a few of 
these requests ( 1 1 in 1979) have been for 
unfunded applications, scientists are 
sensitive to the threat of disclosure and 
contend that this would jeopardize the 
grant evaluation process and allow pla- 
giarism or the pirating of ideas. Ideas, 
the scientist's "stock in trade." are in 
their view analogous to trade secrets in 
industrial firms. 



The Right of Access versus 
Obligations of Confidentiality 

In 1976 the National Heart and Lung 
Institute (NHLI) of NIH supported a 
longitudinal study of the health history of 
individuals with certain medical profiles. 
The researcher maintained detailed per- 
sonal records and. in compliance uith 
the FVivacy Act. submitted only the final 
report of his findings to NHLI. During 
the course of study an independent in- 
\estigiitor requested .iccess to the rec- 
ords in order to conduct Ins own re- 
search. NHLI allowed its contractor to 
decide how to comply with the condi- 
tions governing the disclosure of confi- 
dential personal information (2. pp. 9~ 

10;. 

In other cases, however, federal agen- 
cies try to maintain greater control. For 
example. HEW funded a study by a 
private research organization. Minneso- 
ta System Research Incorporated 
(MSRI). to evaluate the accuracy of 
HEW project ratings. When interviewing 
the scientists who had rated the projects. 
MSRI researchers promised not to re- 
veal their identity. HEW. however, 
asked for the computer tapes, which 
contained the names of the respondents. 
The investigators objected on ethical 
grounds, but HEW insisted that a re- 
searcher could not promise confidential- 
ity without first obtaining written agency 
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permission. Eventually MSRI released 
the tapes (9). 

Conflicts over confidentiality are most 
common in medical or social science 
research in which personal information 
is gathered [iO). Special problems arise 
in the study of deviant or politically 
sensitive groups. Federal agencies re- 
quire that in research on crime, drug 
addiction, political protest, and mental 
illness guarantees be provided to protect 
research subjects who could be liable to 
legal pressures if their identities were 
revealed. However, release of personal 
data gathered in health and epidemiologi- 
cal research could be equally damaging 
to individuals (//), The right of research- 
ers to protect their subjects is especially 
vulnerable when it conflicts with politi- 
cal or policy goals. For example, there is 
the well-known case of the political sci- 
entist Samuel Popkin. who was impris- 
oned for contempt of court in 1972 be- 
cause he refused to give the names of the 
persons he had interviewed to a federal 
grand jury investigating the publication 
of the Pentagon papers (/2). The case is 
not unique. One study found that be- 
tween 1966 and 1976. ,50 subpoenas were 
issued demanding revelation of the 
sources and subjects of research (/.?). 

The principles governing confidential- 
ity in research remain inconsistent. The 
National Research Act of 1974 contains 
provisions to protect thv privacy of hu- 
man subjects, but it does not protect 
them from vubpoena by tlie courts; nor 
does the legislation protecting the pri- 
vacy of medical information used m 
health research (/•/). Researchers seek 
immunity from subpoena in order to 
avoid compromising their sources of 
data, but access to those sources is often 
necessary for law enforcement or policy 
purposes, or simply in order to maintain 
accountability m competitive areas of 
research. 



Competitive Secrecy \ersus 
Open Communication 

In 1977 a man with leukemia donated a 
sample of the cancerous cells from his 
bone marrow to research heniatologists 
at the University of California School of 
Medicine. The scientists succeeded in 
creating a new cell line that could be 
used to study leukemia. They sent a 
sample to a colleague, who discovered 
that the cell line produced interferon, the 
body's natf.'d antiviral protein. That sci- 
entist sent his sample to another col- 
league, who worked at the Roche In- 
stitute of Molecular Biology, funded by 
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the pharmaceutical firm Hoffmann-La 
Roche. He« in turn, used the sample to 
develop an optimal medium for the pro- 
duction of interferon. The biotechnology 
firm Gencnlcch. under contract to Hoff- 
mann-La Roche, then used the cells to 
manufacture interferon genes, creating 
the potential Ibr a profitable enterprise. 
There followed a dispute between the 
University of California and Hoffmann- 
La Roche over the ownership of the 
genes (15). The University of California 
claimed ownership, and the right to fu- 
ture royalties, us the institutional home 
of the scientists who had created the cell 
line. Hoffmann-La Roche also claimed 
owneiship. and filed a patent application 
covering both the intcrfcrcPc and the gene 
SDlicing manufacturing process. Law- 
yers from the universit> protested, argu- 
ing that the firm had made unauthori^ed 
use of the material, taking commercial 
advantage of the open exchange of infor- 
mation and material among academic 
scientists. 

This is but one of several disputes that 
may affect the pnictice of free!) circulat- 
ing niateriuls and research findings 
among colleagues. Donald Kenned), 
president of Stanford University, ob- 
serves: "Scientists who once shared pre* 
publication information freely and ex- 
changed cell lines w ithout hesitation are 
now much more reluctant to do 
so ... the fragile network of informal 
communication that chaiacteri/es every 
especially active field is liable to rup* 
lure*" (M). 

Two decisions in 1980 bi ought these 
issues to public attention First was the 
Supreme Court decision to allow the 
patenting of a genetically engineered 
bacterium (/7), Second was the signing 
of the Patent and Trademark Amend- 
ment Act allowing universities, nonprofit 
institutions, and small businesses to ap- 
ply for patents on federally funded re- 
search, the pronts to be used to support 
further research ilH). 

Patents are specifically intended to 
avert proprietary secrecy as well as pro- 
vide incentives for invention. But some 
fear that patenting possibilities in areas 
of basic science could also lead to clos- 
ing of communication among researchers 
because of competition for patent prior- 
ities 20). As universities seeking new 
forms of income and scientists attracted 
by possibilities of commercial develop- 
ment become directly involved in the 
industrial exploitation of research, ten* 
sions also develop between university 
adminstrators and faculty, between pro* 
fessors with commercial interests and 
graduate students w hose careers depend 
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on open discourse, and between federal 
and industrial research sponsors when 
there is a mingling of research support. 

Tensions between commercial and ac- 
ademic in;erests are not new. Research 
cooperation between universities and in- 
d'jMry flourished in the early part of the 
century, drastically reshaping the uni- 
versity system (21), Just as they are 
today, academics were ambivalent, wel- 
coming such collaboration as a source of 
vitality but fearing its intrusion on aca- 
demic freedom. Industry -university rela- 
tions stabilized, however, through a sys- 
tem of contracts and cooperative agree- 
ments in engineering and the applied 
science^i. Scientists doing basic research 
participated mainly through individual 
consulting arrangements (22), 

Today these traditional modes of inter- 
action are changing. Ad hoc consulting 
arrangements have turned into equity 
participation in new venture-capital 
firms. In line with federal policy encour- 
aging industry-university cooperation, 
universities are accepting collaborative 
arrangements in areas of basic as well as 
applied research. By the end of 1981. 
eight major agreements were either C( n- 
summated or undergoing final negotia- 
tions. 



National Security \ersus 
Scientific Freedom 

In the summer of 1980. a computer 
scientist at the Massachusetts Institute 
of Technology wrote a proposal to work 
on the mathematical basis for developing 
computer techniques that would be im- 
pervious to code breaking. He applied 
for a grant from the National Science 
Foundation (NSF). which has routinely 
supported cryptography research. Since 
1977 NSF has sent such proposals to the 
National Security Agency (NSA) for 
technical review because of their poien- 
tial significance foi foreign intelligence 
activities. That agency is responsible for 
the collection of intelligence informa- 
tion, does most of its own research, and 
has been increasingly uneasy about stud- 
ies relating to its concerns but outside its 
control. This particular project was the 
first basic research to attract serious 
attention, and NSA wanted to assume 
part of the funding so that it could re- 
quire review for military sensitivity pnor 
to publication. Mathematicians working 
in this area were appalled at the idea that 
their work might be class-.led as unpub- 
lishable and therefore unavailable for 
public use (23^25). They negotiated a 
system of voluntary restraints in ex- 
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change for an advisory role. 

The cryptography case must he seen in 
the light of two emerging trends: the 
trei.J toward extending national security 
controls to projects that are not spon- 
sored by agencies concerned with mili- 
tary technology, and the trend toward 
applying such controls not only to hard- 
ware but to basic ideas and to ''strategic 
information.** that is. to information that 
if released could possibly harm the na- 
tional interest. 

Constraints on research of military sig- 
nificance arc obviously not new. Under 
the Invention Secrecy Act, patentable 
discoveries may be placed under "secre- 
cy orders** if disclosure is deemed detri- 
mentai to national security. This usually 
pertains to inventions developed by peo- 
ple working under defense contracts, but 
it has been more and more frequently 
applied to other inventions as well (2i. 
26). 

Formidable secrecy controls also gov- 
ern atomic research (27). Since World 
War II the fcdenil government has main- 
tained unambiguous authority to control 
all such research v.:thin or outside gov- 
ernment laboratories. Information in this 
area is " born classified'*— it is an official 
secret from the moment it exists. With 
the commercial development of nuclear 
energy, some provisions of the Atomic 
Energy A i of 1964 were relaxed. How- 
ever, federal controls over access to 
information in this area give government 
agencies all proprietary rights. 

The International Traffic in Arms reg- 
ulation^s (ITAR). authorued by the Arms 
Export Control Act. provide tha! publi- 
cation of unclassified information that 
can advance any significant military ao- 
plication requires prior approval oy a 
cognizant agency. This provision is so 
inclusive as to allow flexibility of inter- 
pretation With respect to research (28). 

Several incidents suggest the trend to- 
ward more rigid interpretation of such 
regulations. In ti<c winter of 1980 a series 
of restrictions was imposed on scientific 
exchange (29). The Department of Ener- 
gy issued an order requiring governmen- 
clearance of any communication be- 
tween its contractors and Soviet scien- 
tists. The Commerce Department forced 
the American Vacuum Society to with- 
draw its invitation to Soviet bloc scien- 
tists to attend an international confer- 
ence on magnetic bubble memory de- 
vices. The State Department refused to 
issue visas to eight Sovier scientists who 
had applied to attend a conference on 
lasers and electro-optical systems. Also, 
it sent letters to university science de- 
partments asking them to restrict the 
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movements of Chinese students and visi- 
tors. 

Some proposed bills would impose 
further restrictions. One would require 
academic institutions accepting foreign 
students for study in certain scientific 
fields to submit detailed information on 
what they would be learning, whom they 
would work with, and where they 
planned to travel. More threatening is a 
legislative proposal to extend to ideas 
the provisions of the Arms Export Con- 
trol Act which require a Slate Depart- 
ment license for exporting "'critical tech- 
nology'' {30). Scientists who want to 
publish or lecture overseas on any sub- 
ject relating to a technology listed cn the 
U.S. Munitions List would have ic ob- 
tain a prior license, and would bear the 
burden of proof that they would not be 
disseminating ideas harmful to our na- 
tional security. The scope of restricted 
subjects could include research related 
to computers, lasers, and cryptography, 
but the list is far from clear. This and a 
similar revision of the Export Adminis- 
tration Act have remained in the House 
Foreign Affairs Committee. They are ob- 
structed by questions of constitutionality 
and superseded by the Executive order 
that greatly increases the government's 
power to classify research not clearly 
related to national security. The Execu- 
tive order omits the critical requirement 
established during the Carter Adminis- 
tration that decisions imposing secrecy 
must be balanced against the right to 
know, and mandates that "if there is 
reasonable doubt about the need to ck's- 
sify ... the information shall be consid- 
ficd classified '* 

Negotiations 

Scientists and their research sponsors 
are struggling to negotiate practices and 
articulate principles that would clarify 
questions of control in terms appropriate 
to the growing importance of scientific 
information. Open access to information 
serves the public interest, being consist- 
ent with the democratic values of open 
government and facilitating fiscal and 
management control over governmental- 
ly funded activities iSI). But unlimited 
access may threaten the scientific pro- 
cess. At what point in the course of 
research should data be released? Are 
ideas to be publicly available in their 
tentative stages? Arc data tangential to a 
project to be available as well? How can 
the integrity of long-term projects such 
as clinical trials be maintained while de- 
mands for public review are being satis- 
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Such questions have elicited efforts to 
define the terms of access under the 
FOIA. The director of NIH. for exam- 
ple, sought a specific exemption for data 
from ongoing clinical trials and epidcnii- 
jlogical studies, although requests for 
such data have been rare. He brought the 
matter before the Ethics Advisory Board 
of HEW, arguing that premature release 
of data from clinical trials could impede 
the randomization necessary in the tri- 
als, and in Ihe case of epidemiological 
studies could lead to publicity about mis- 
leading trends that would unduly alarm 
the public. He hoped tc establish the 
principle that data that are preliminary, 
incomplete, or not yet validated should 
be exempted from FOIA because the 
public interest would thereby be better 
served. The Lthics Advisory Board rec- 
ommended legislation to provide a limit- 
ed exemption {32). 

The National Commission for the Pro- 
lection of Human Subjects of Biomedical 
and Behavioral Research reviewed the 
implications of using FOIA to obtain 
information about research protocols 
and designs. The commission concluded 
that HEW's policy of releasing data only 
after funding is awarded is necessary in 
order to protect peer revicu . ocedures. 
and recommended legislation to ensure a 
continuation of the existing practice i33). 

As a result of these various pressure^. 
U IS now proposed, in a bill to revise 
FOIA. that research he added to the 
other matters, such as trade secrets, that 
are exempt from compulsory disclosure. 

Professional societies are establishing 
their own special committees to respond 
to questions of intellectual property and 
are experimenting with codes of ethics 
that include provisions about disclosure. 
Individual scientists have proposed re- 
search agreements thai would confer a 
status of "executive privilege" on re- 
searcii in order to protect confidentiality. 
However, such agreements would not be 
legally binding. Usually scientists pro- 
tect information by practicing **defen- 
sive record keeping." but they have akiO 
sought protective legislation {34). For 
example, in 1980 a bill was introduced in 
Congress on privacy of research records 
(S. 867 and H.R. 3409) which was intend- 
ed to exempt researchers from subpoe- 
nas that would violate the privacy of 
theii subjects. The subjects of research 
on drug and alcohol abuse arc already 
protected: this bill would have extended 
such statutory protection to all federally 
funded research. Legislation might have 
provided some clarification of the prob- 
lem of confidentiality, but the bill never 
got as far as a hearing. 
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A remarkable number of studies and 
proposals have tried to resolve the prob- 
lems of proprietary secrecy and academ- 
ic autonomy associated with increasing 
industry-university colliboration Uni- 
versities are negotiating limited partner- 
ship arrangements with industries that 
would yield economic benefits yet allow 
them to maintain internal control over 
research practices and to publish in areas 
where proprietary secrecy could pose 
serious constraints. An NIH working 
group has recommended that all institu- 
tions receiving research funds have a 
written patent policy including provi- 
sions for resolving proprietary disputes 
{20). The Recombinant DNA Advisory 
Committee (RAC) of NIH has revised its 
gnidelines in order to protect proprietary 
information while allowing the necessary 
review. These guidelines allow access to 
research information only to committee 
members and staff, who must pledge 
confidentiality and maintain locked files. 

Military efforts to extend control over 
the disclosure of nonclassified research 
are also under negotiation. The math- 
ematicians concerned about control of 
cryptography have established a system 
of voluntary restraint. Researchers h*ive 
agreed to submit their papers to NSA for 
review prior to publicatic n. and NSA in 
turn has agreed that, if there are poten- 
tial security problems, it will consult an 
advisory group before blocking publica- 
tion (25. 35). Vice Admiral Bobby In- 
man. seeing direct contradictions be- 
tween scientific practices of open publi- 
cation and national secrity needs, pro- 
poses extending this .ystem of voluntary 
restraint to other fields. The threat of 
such restraints is forcing a sharpening of 
distinctions between basic and applied 
research, although convergence has 
served science well. 

Most chi»llenges to scie.itif.c discre- 
tion end in appeals for statutory protec- 
tion, based on an assumption Inat the 
researcher has the "right ' to assess the 
terms of disclosure. Such protection 
would require a more coherent effort to 
clarify the social role of scientists and 
the nature of research that is worthy of 
protection. Should criteria for protection 
be based on the credentials of scientists 
or on their sources of support, on the 
methodology of a project or on the social 
purposes to which it may be applied? 
Under what conditions would mandatory 
disclosure or. conversely, secrecy be 
appropriate? 

At present, the scienrific response to 
such questions is curiously ad hoc. Aris- 
ing from individual incidents, the efforts 
to negotiate control over research are 
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often inconsistent. Scientists appeal for 
statutory protection from the disclosure 
requirements of FO!A, but in doing so 
they help to weaken legislation that en- 
courages open exchange of information. 
They seek greater military support of 
research but arc outraged by national 
security restraints. They emphasize the 
useful application of basic research but 
then draw distinctions to avoid external 
control. Good reasons underlie each re- 
sponse, but such contradictions may 
make science more vulnerable to con- 
trol. For example, in justifying national 
security constraints, Inman has called 
scientific claims of freedom "disingenu- 
ous" in the light of the trade secrecy 
restrictions that academics routinely ac- 
cept as part of their industrial ties (36). 

The response of scientists rests on the 
principle of sovereignty and on the belief 
that the public interest is better served if 
research is under scientific control. It 
rests on a notion that scientists have a 
"right" to control their research, that 
autonomy is necessary in order to main- 
tain integrity, to avert the misinterpreta- 
tion of premature data, and to protect 
their "stock in trade." Those who re- 
quest data claim the "right to know" as 
an essential condition of democracy. 
Government agencies claim the right to 
information as part of their obligation to 
assure responsible use of federal funds, 
to meet policy goals, or to maintain 
national security or law enforcement in 
the public interest. 

In todav*s political context, resolution 
of these conflicting claims leans toward 
greater constraints on freedom of infor- 
mation — constraints apparent in the 
weakening of FOIA. the extension of 
national security classification, and oth- 
er restrictions on open communication, 
some of which protect scientific sover- 
eignty and some of which threaten it. 

Contradictions persist, reflecting the 
deep ambivalence within science about 



its cognitive and practical dimensions. Is 
science the pursuit of truth or the pursuit 
of useful knowledge, a carefully disci- 
plined process or a professional and in- 
strumental activity? The ambivalence so 
apparent in the disputes over the control 
of research suggests that there have been 
significant changes in the social role of 
science and in the importance of re- 
search. Indeed, these disputes are part of 
a larger struggle to renegotiate relations 
between science and the public that were 
established at a time when science was a 
very dififerent social enterprise. 
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Accordingly, research results obtained at in- 
dustriai laboratories often go unpublished or 
arc released slowly in the patent literature. In 
the university, fast publication of scientific 
findings is eagerly sought. Much of the 
activity in industry is conducted by inter- 
disciplinary teams whose members are arbi- 
trarily assigned to tasks. Projects may be 
suddenly terminated. Only a favored few in 
the typical industrial laboratory have the 
privilege of personally choosing a research 
area and sticking with it through discourag- 
ing phases of effort. This frenetic tempo is 
incompatible with the tempo of graduate 
Many universities arc examining search- the fmancial ills of the universities. The fining in the natural sciences. In their 
inglytheirrelations with industry. The basic money spent by industry at universities is ^^^^ research, it is essential that students 
reason is financiaJ. The academic commum- unlikely to top 10 percent of the federal P"^"^ ^ line of inquiry patiently and in 
ty is nervous about federal funding of re- funds they now receive. Close cooperation ^P*- 

search. Some universities report that they between universities and industry could lead These vxamples of differing values and 
have retained a satisfactory level of support, to harmful tensions induced by competing Procedures make it obvious that close col- 
but half or more have not. Apprehension value systems. Universities already have Juration between academia and industry is 
about federal support has been coupled with their share of such differences. The human- '^^^^^ create new problems and tensions, 
other financial problems of the universities ists look down on the engineers and vice ver- cooperation is undesir- 

brought on by recession and inflation. sa; the various science departments usualN time-tested method of cooperation 

In this environment it has become fashion- have little interaction. However, the faculty consultation, preferably conducted 

able to look to industry as a possible source share conunon goals in the pursuit of know!- o<"<"-campus. Professors spend at most an 
of funds. Already a number of universities edge and in fostering the education of the a^'^rage of a day a week at this. They bring 
have entered into contracts involving sub- young. Most of the faculty place these goals expertise to industry and in turn leam of 

stantia! sums, and additional arrangements above that of attaining personal wealth. new developments and new job opportunites 
will doubtless follow. In general, industry The value system and the mode of con- students. 

has not bee.l devoting a sufficient sum to ducting research and development in in- However, some of the new arrangements 
basic research within its own laboratories or dustry are quite different from those of aca- ^tween universities and industry come close 
elsewhere. It was treated to a lesson when a demia. To survive, a company must make a inserting an industrial enclave into the 
large number of comp?.Mes were canght flat- profit. It must evolve with the changing campus. It would be unfortunate if such ex- 
flooted by academic developments in times. And it must be well managed, with a ^P^^s were carelessly multiplied. Rather, 
molecular biology. Other sectors of industry clearly defined chain of command. The emphasis should be placed on avoiding re la- 
have become concerned about future sup- bankruptcy courts are very busy these days, tionships that might damage the universities 
plies of personnel trained in computer- Only the strong and nimble remain viable. ability to cany out well their es- 

relaled fields. In industry, the pressure of the bottom line ^ential functions of undergraduate and 

Despite an apparent basis for close inevitably dictates policies with respect to graduate education, 
cooperation between academia and industry. R&D. The goal is not pursuit of knowledge; 
the likely outcome is far from a cure-all for it is the attaining of proprietary advantage. 




Scarcely 20 years after the publication 
of Charies Darwin's Origin of Species in 
1859 special creationists could name 
only two prominent naturalists in North 
America, John William Dawson of 
McGill and Arnold Guyot of Princeton, 



ERIC 



who had not embraced some theory of 
organic evolution (/). Liberal churchmen 
were already beginning to follow their 
scientific colleagues into the evolutionist 
camp, and by the end of the century 
evolution was appearing even within the 



ranks of evangelical Christians In the 
opinion of many observers, belief in spe- 
cial creation seemed destined to go the 
way of the dinoseurs. But contrary to the 
hopes of liberals and the fears of conser- 
vatives, it did not become extinct. The 
majority of iate-19th-century Americans 
remained true to a traditional reading of 
Genesis, and as late as 1979 a public 
opinion poll revealed that half the adults 
in America continued to believe that 
"God created Adam and Eve to start the 
human race" (2). 

Thc.«uihori> Profc>>or ofihc Hi>ior> of Medicine 
;ind Ihc Hi>U>r> of Science .it ihe Cni\erMtv of 
Wi>conMn. M.idi>on ^^706 Tht> .iriicle i> .in 
;ih ridged verMon of .in e>>.i> prep.ired tor the ( .irner 
Foundation-UniverMt> of Wi>eonMn Conference on 
"Chri>ti;inity and Science. 2^ i« 2^ April l<iXI The 
cwzy will .ippc.ir in its cniireU in ihc pr(Keedinp> i»f 
thai conference, being jointly euited b> the .luihor 
and David C Lindbcrg. 
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This article focuses on the inlelleciual 
leaders of creaiionism, particularly the 
small number who claimed scicniifir ex- 
pertise. Drawing cn ihcir wriimgs, iv 
traces the ideolop.ical development of 
creationism frorr. the crusade to uuila\v 
the teaching of evolution in th, I920's to 
the current battle for equal time. Durinj 
this period the leading apologist> for 
special creation shifted from an opcnl> 
biblical defense of theii views to one 
based largely on science. At the .ame 
time they grew less tolerant of notions of 
an old Earth and symbolic days of cre- 
ation, common among creationists in the 
I920's, and more doctrinaire in iheir 
insistence on a recent creation in six 
literal days and on a universal flood. 

The Antievolution Crasade 

Early in 1922 William Jennings Bryan 
(1860-i925), Presbyterian layman, thrice 
the Democratic candidate for the presi- 
dency of the United States, and secre- 
tary of state under Woodrow Wilson, 
heard of an effort in Kentucky to ban the 
teaching of evolution in public schools. 
"The movement will sweep the coun- 
try/' he predicted hopefully, "and \ ■ 
will drive Darwinism from our schools " 
(.?, p. 277). His prophecy proved overly 
optimistic, but before the end of the 
decade more than 20 state Icgislat'jrcs 
did debate antievolution laws, and at 
least five — Oklahoma, Florida, Tennes- 
see, Mississippi, and Arkansas — passed 
restnctive legislation. Many individuals 
shared responsibility for these events, 
but none had a greater share than Bryan 
His entry into the fray produced a cata- 
lytic effect and gave anticvolutionists 
what they needed most: "a spokesman 
with a national reputation, immense 
prestige, and a loyal follouing" ti. p. 
272). 

The development of Bryan's oun atti- 
tudes loward evolution closely paralleled 
that of the fundamentalist movement. 
Since early in the century he had occa- 
sionally alluded to the silliness of believ- 
ing in monkey ancestors and to the ethi- 
cal dangers of thinking that might makes 
right, but until the outbreak of World 
War I he »aw little reason to quarrel with 
those who disagreed. The war. howcvt r. 
exposed the darkest side of hum:in na- 
ture and shattered his illusions about the 
future of Christian society. Obviously 
somethmg had gone awry, and Bryan 
soon traced the source of the trouble to 
the paralyzing influence of Darwinism on 
the conscience. By substituting the law 
of the jungle for the teaching of Christ, it 
Q threatened the principles he valued 
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most: democracy and Chnst. mit\. Tuo 
b)oks m particular confinp;«* ^i» suspi- 
cion. r.K. first. Vernon Xell.gg's Hvad- 
qmuters Sights (IvK), recounted first- 
hand convcrsit ons with Cerman officers 
that revealed the role of Darwin's biolo- 
gy in '.he German decision to declare 
vvar. The second, Benjamin Kidd's Sci- 
em e oj Pow er ( I9l8), purported to dem- 
onstrate the historical and philosophical 
links between Darwinism and German 
militarism (i, pp. 261-265). 

About the time that Bryan discovered 
the relation between Darwinian idea*: 
and the war, he also became aware, to 
his great distress, of unsettling effects 
the theory of evolution was having on 
.America's own young people. From fre- 
quent visits to college campuses and 
from talks with parents, pastors, and 
Sunday School teachers, he learned 
about an epidemic of unbelief that was 
sweeping the country. Upon investigat- 
ing the cause, reported his wife, "he 
became convinced that the teaching of 
Evolution as ' :t instead of a theory 
caused the siu, cnts to lose faith in the 
Bible, first, in the story of creation, and 
later in other doctrines, which underlie 
the Christian religion" (*/). .Again Bryan 
found confirming evidence in a recently 
published Hook, Belief in God and hn- 
mortality (1916). by the Bryn Mawr psy- 
chologist James H. Leuba. who demon- 
strated statistically that college attend- 
ance endangered traditional religious be- 
liefs (i. pp. 266-267). 

Armed with this information about the 
cause of the world's and the nation's 
moral decay, Bryan launched a nation- 
wide crusade against the offending doc- 
trine. Throughout his political career 
Bryan had placed his faith in the com- 
mon people, and he resented the attempt 
of a few thousand scientists "to establish 
an oligarchy over the forty million Amer- 
ican Christians " and to dictate what 
should be taught m the schools (5). To a 
Democrat like Bryan, it seemed prepos- 
terous that this "scientific soviet" would 
not only demand to teach its insidious 
philosophy but insist that society pay its 
salaries (.?. p. 289). Confident that ninc- 
tenths of the Christian citizens agreed 
with him (6), h2 decided to appeal direct 
ly to them, as he had done successfully 
in fighting the liquor interests. "Commit 
your case to the people," he advised 
creationists. "Forget, if need be. the 
high-brows both in the political and col- 
lege woHd, and carry this cause to the 
people. They are the final and efiicicntly 
corrective power" (7). 

Leadership of the anticvolulion move- 
ment came not from the organized 
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,hurch»,s of \mcrica but from individ- 
uals like Dryen and interdcr^^niinaMonal 
organ i 2a vions suet » the World's Chris- 
tian Fundamentals Association, a pre- 
dominantly premillennialist body founa 
ed in 1919 by William Bell Riley (1861- 
1947), pastor of the First Baptist Church 
in Minneapolis. Riley became active as 
an antievolutionist after discovering, to 
his apparent surprise, that evolutionists 
had already infiltrated the University of 
Minmsota (8). The eariy 20th century 
witnessed the unprecedented expansion 
of public education (enrollment in public 
high schools neariy doubled between 
1920 and 19*^0), and fundamentalists like 
Riley and Bryan wanted to make sure 
that students attending these institutions 
would not lose their faith. Thus they 
resolved to drive every evolutionist from 
the public school payroll. One creation- 
ist went so far as to say that the German 
soldiers who killed Belgian and French 
children with poisoned candy were an- 
gels compared with the teachers and 
textbook writers who corrupted the 
souls of children with false teachings and 
thereby sentenced them to eternal death 
(9j. 

Creationist Science and Scientists 

In 1922 William Bell Riley outlined the 
reasons why fundamentalists opposed 
the teaching of evolution: "The first and 
most important reason for its elimina- 
tion," he explained, "is in the unques- 
tioned fact that evolution is not a sci- 
ence; it IS a hyP^^hesis only, a specula- 
tion" ilO), Bryan often made the same 
point, defining true science as "classi- 
fied knowledge . . the explanation of 
facts" (//). Although creationists had far 
mere compelling reasons for rejecting 
evolution than that it was " not a sci- 
ence," their insistence on this point was 
not merely an obscurants* ploy. They 
based it on a once-respected principle, 
associated with ,Sir Francis Bacon, that 
emphasized the factual, nontheoretical 
nature of science il2) By identifying 
with the Baconian tradition, creationists 
could label evolution as false science, 
could claim equality with scientific au- 
thorities in comprehending facts, and 
could deny the charge of being antiscien- 
tific. "It is not 'science' that orthodox 
Christians oppose," wrote a fundamen- 
talist editor. "No! no! a thousand times. 
No! They are opposed only to the theory 
of evolution, which has not yet been 
proved, and therefore is not to be called 
by the sacred name of .science^ ^ il3). 

Creationists kept assuring themselves 
that the worid's best scieiilists agreed 
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with them. They received an important 
boost at the beginning of their campaign 
from an address by the distinguished 
British biologist William Batetvon. in 
1921, in which he declared that scientists 
had not yet uncovered *'the actual mode 
and process of evolution" {14). Although 
he warned creationists against misintcr 
preting his statement as a rejection of 
evolution, they paid no more attention to 
that caveat than they did to the numer- 
ous proevolution resolutions passed b> 
scientific societies. 

The creationists could claim few scien- 
tists of their own: a couple of self-made 
'inen of science, one or two physicians, 
and a handful of teachers who, as one 
evolutionist described them, were "try- 
ing to hold down, rot a chair, but a 
whole settee, of 'Natural Science' in 
some little institution" (15). Of this 
group, the most influential were Harry 
Rimmer (1890-1952) and George 
McCready Price ( 1 870- 1 963 ) . 

Rimmer, a Presbyterian minister and 
self-styled "research scientist." ob- 
tained his limited exposure to science 
during one term at a small homeopathic 
medical school, where he picked up a 
vocabulary of ''double-jointed, twelve 
cylinder, knee-action words" that later 
served to impress the uninitiated {16). 
He attended Whitticr College and the 
Bible Institute of Los Ange!cs for a year 
each before entering full-time evangelis- 
tic work. About 1919 he settled m Los 
Angeles, where he set up a small labora- 
tory at the rear of his house to conduct 
experiments in embryology and related 
sciences. Within a year or two he estab- 
lished the Research Science Bureau "to 
prove through findings in biolog\, pale- 
ontology, and anthropology that science 
and the literal Bible were not contradic- 
tory" (/7. p. 278). The bureau staif— that 
is, Rimmer— apparenti) used income 
from the sale of memberships to finance 
anthropological field trips in the western 
United States, but Rimmcr's dream of 
visiting Africa to find proof of the dissim- 
ilarity between gorillas and human be- 
mgs never materialized. By the late 
I920*s the bureau lay dormant, and Rim- 
mer signed on with Riley's World's 
Christian Fundamentals Association as a 
field secretary (/7. p. 279). 

Besides engaging in research, Rimmer 
delivered thousands of lectures, primari- 
ly to student groups, maintaining the 
scientific accuracy of the Bible and ridi- 
:u!:ng evolutionists. To attract attention, 
he repeatedly offered SlOO to anyone 
who could discover a scientific error in 
the Scriptures: the offer apparently nev- 
er cost him any money (/<^), He also, by 



his own reckoning, never lost a public 
debate. After one encounter with anevo- 
iutionisl in Philadelphia, he wrote home 
gleefully that "the debate was a simple 
walkover, a massacre— murder pure an'l 
simole. The eminent professor was sim- 
piy scared stiff to advance iny of the 
common arguments of the evoluur^nists, 
anu he firzled like a wet fire-cracker" 
(/7, pp. 329-330). 

Price, a Seventh-day Adventist geolo- 
gist, was less skilled at debating than 
Rimmer but more influential scientifical- 
ly. As a young man Price attended an 
Adventist college in Michigan for 2 years 
and late completed a teacher-training 
course at the provincial normal school in 
his native New Bmnswick. The turn of 
the century found him serving as princi- 
pal of a small high school in an isolated 
part of eastern Canada, where one of his 
few companions was a local physiciar 
During their many conversations, the 
doctor almost converted his fundamen- 
talist friend lo evolution. Price neariy 
succumbed on at least three occasions, 
but each time he was saved by prayer 
and by reading the works of the Advent- 
ist prophetess Ellen G. White, who 
claimed divine inspiration for her view 
that the Noachian flood accounted for 
the fossil record cn which evolutionists 
based their theory. As a result of these 
experiences. Price vowed to devote his 
life to promoting creationism of the 
strictest kind {19. 20). 

B> 1906 he was working as a handv- 
man at an Adventist sanitarium in south- 
ern California. That year he published a 
small volume entitled Jllof^ital Cnolofix. 
The Weakest Point in the E\ oUmon The- 
ory, in which he brashly offered SIOOO 
*'to any one who will, in the face of 
the facts here presented show me how 
to prove that one kind of fossil is older 
than another. " (Like Rimmer. he never 
had to pa>.) According to his argument. 
Darwinism rested 'logically and histori- 
cally on tl e succession of life idea as 
taught by geology'" and ''if this succes- 
sion of life is not an actual scientific fact, 
then Darwinism ... is a mo.t gigantic 
hoax." 

In a review {21). David Starr Jordan, 
president of Stanford UniverMty and an 
authority on fossil fishes, warned Price 
that he should not expect "any geologist 
to take |his work| seriously." The un- 
known author had written "a very clever 
book" but it was 

a sort of lawyer's plea, based on scattering 
mistakes, omissions and exceptions against 
general truths that anybody familiar with the 
farts in ? general way cannot possibly dis 
pule. It would be just as easy and just as 



plausible and just as convmcmg if one should 
take the facts of European history and at- 
tempt to show that all the various events \icre 
simultaneous. 

As Jordan recognized. Price lacked any 
formal training or field experience in 
geology. He was, however, a voracious 
reader of geolofjical literature, an arm- 
chair scientist who r.elf-consciously min- 
imized the importance of field experi- 
ence. 

During the next 15 years Price occu- 
pied scientific settees in several Advent- 
ist schools and authored six more books 
attacking evolution, particularly its geo- 
logical foundation. Although not un- 
known outside his own church before the 
early I920's, he did not begin attracting 
v^*' al attention until then. Shortly af- 
Jryan declared war on evolution, 

ce published The New Geoh)}iy 
ii923), the most systematic and compre- 
hensive of his many books. In it he 
presented his "f^reat Uiw oj eouformahle 
struti^raphic sequence.^ ... by all odds 
the most important law ever formulated 
with reference to the order in which the 
strata occur.''' This law stated that "any 
kind of jo:.siliferous beds \vhate\er. 
youny' or old.' may he found occurring 
conformahh op any other fossiliferou.s 
beds, 'okier' or 'younf^er.' " To Price, 
so-called deceptive conformatives 
(where strita seem to be missing) and 
thrust faults (where the strata are appar- 
ently in the wrong order) proved that 
there wa-, no natural order to the fossil- 
bearing rocks, all of which he attributed 
to the Genesis flood. 

A Yale geologist reviewmg the book 
for Si lem e accused Price of "harboring 
a geological nightmare" <22), but Price's 
reputation among fundamentalists rose 
dramatically. Rimmer hailed The New 
(jeoh)fi\ as " a masterpiece of REAL 
science |that| explodes in a convincing 
manner some of the ancient fallacies of 
science falsely so called' " {23). By the 
mid-l920\ Price s by-line was appearing 
in a broad spectrum of conservative reli- 
gious periodicals, and the editor of Sci- 
ence could accurately describe him as 
"the principal scientific authority of the 
Fundamentalists" (2*/). 

The Scopes Trial and Beyond 

In the spring of 1925 John Thomas 
Scopes, a high school teacher in the 
small town of Dayton, Tennessee, con- 
fessed to having violated the state's re- 
cently passed law banning the teaching 
of human evolution in public schools. 
His snbseqtjcnf trial focused internation- 
a! attention on the antievolution crusade 
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and brought William Jennings Bryan to 
Dayton to assist the prosecution. !ti an- 
ticipation of arguments on the scientific 
merits of evolution. Bryan sought out the 
best scientific minds in the creationist 
camp to serve as expert witnesses. The 
response to his inquiries could onl> have 
disappointed the aging crusader. Price* 
then teaching in England, sent his re- 
grets — ^along with advice to Bryan to 
stay away from scientific topics {20. p. 
24). Howard A. Kell> , a prominent 
Johns Hopkin physician who had con- 
tributed to the t .indutJientais. confessed 
that . except for the creation of Adam and 
Eve. he believed in evolution (25). Louis 
T. More, a ph>sicist uho had just written 
a book entitled The Do^ma of Evolution 
(1925). replied that he accepted evolu- 
tion as a working hypothesis (26). Alfred 
W. McCann. author of God— or Gorilla 
(1922). took the opportunity to lecture 
Bryan for supporting prohibition in the 
past and for now trying "to bottle-up the 
tendencies of men to think for them- 
selves' (27), 

At the trial itself, things scarcely wtnl 
better. When Bryan could name or *^ 
Price and the deceased George Frederick 
Wright js scientists for whom he had 
respect, the caustic Clarence Darrow, 
attorney foi Ihe defense, scoffed: 

You mentioned Price because he is the only 
human being m the world so far as you know 
that signs his name as a geologist that believes 
like you do . . everv scientist in this country 
knows |he| is a mountebank and a pretender 
and not a geologist at ail. 

Eventually Darrow forced Bryan to con- 
cede that the world was indeed far more 
than 60OO years old and that the 6 day s of 
creation had probably been longjr than 
24 hours each {20. p. 24). 

Though one could scarcely have 
guessed it from his public pronounce- 
ments. Bryan was far from being a strict 
creationist. In fact, his personal beliefs 
regarding evolution diverged considera- 
bly from those of his more conservative 
supponers. Shortly before the iricJ he 
had confided to Kelly that he. too. had 
no objection to "evolution before man 
but for the fact that a concession as to 
the truth of evolution up to man fur- 
nishes our opponents with an argument 
which they are quick to use, namely, if 
evolution accounts for all the species up 
to man, does it not raise a presumption in 
behalf of evolution to include man*" 
Until biologists could actually demon- 
strate the evolution of one species irto 
another, he thought it best to keep them 
on the defensive {2H). 

Bryant concession at Dayton spot- 



lighted a serious and long-standing prob- 
lem among anticvolutionists: their failure 
to agree on a theory of creation. Even 
the visible leaders could not reach a 
consensus. Riley . like Bryan, interpreted 
the days of Genesis as ages, believing 
that the testimony of geology necessitat- 
ed this approach. Rimmer favored an 
exegesis that identified two separate cre- 
ations in the first chapter of Genesis, the 
first, "in the beginning.'" perhaps mil- 
lions of years ago. and the seconds in six 
actual days, approximately 4000 years 
before the birth of Christ. He adopted 
this view in part because his scientific 
mind could not fathom how, given Ri- 
ley's scheme, plants created on the third 
day could have survived thousands of 
years without sunshine until the sun ap- 
peared on the fourth (29). According to 
the testimony of acquaintances, he also 
believed that the Bible taught a local 
rather than a universal flood {30). Price, 
who cared not a whit about the opinion 
of geologists, insisted on nothing less 
than a single recent creation in six literal 
daysand a worldwide deluge. He regard- 
ed Riley's day-age theory as "the deviPs 
counterfeit'" [31) and Rimmer's gap the- 
ory as only slightly more acceptable (i2). 

Although the court in Dayton found 
Scopes guilty as charged, creationists 
had little cause for rejoicing. The press 
had not treated them kindly, and the 
taxing ordeal no doubt contributed to 
Bryan's death a few days after the trial 
ended. Nevertheless, the anticvolution- 
ists continued their crusade, w innmg vic- 
tories in Mississippi in 1926 and in Ar- 
kansas 2 years later. By th': end of the 
decade, however, their legislative cam- 
paign had lost Its steam. 1 he presidential 
election of 1928, pitting a Protestant 
against a Catholic, offered fundamental- 
ists a new diversion, and the cnset of the 
depression in 1929 farther diverted their 
energies. 

But contrary to appeai.mces. the crea- 
tionists were simply changing tactics, 
not giving up. Instead of lobbying state 
legislatures, they shifted their attack to 
local communities, where they engaged 
in '"the emasculation of textbooks, the 
■purging' of libraries, and above all the 
continued hounding of teachers ' i33) 
Their new approach attracted less atten- 
tion but p<iid off handsomely, as school 
boards, textbook pubhsiiers, and teach- 
ers in both urban and rural areas. North 
aiiJ South, bowed to their pressure. Dar- 
winism virtually disappeared from high 
school texts, and as late as 1941 one- 
third of American teachers feared being 
identified as evolutionists (i/). 



Creationism Underground 

During the heady days of the 1920*s. 
when their activities made front-page 
headlines, creationists dreamed of con- 
verting the world: a decade later, reject- 
ed and forgotten by the establishment, 
they turned their energies inward and 
began creating an institutional base of 
their own. Deprived of the popular press 
and unable to publish their views in 
organs controlled by orthodox scientists, 
they determined to organize their own 
societies and edit their own journals. 
Their early efforts, however, all encoun- 
tered two problems: lack of a critical 
mass of scientifically trained creationists 
and lack of internal agreement. 

About 1935 a small group of creation- 
ists, led by a Wheaton College professor, 
formed the Religion and Science Associ- 
ation to create ''a unified front against 
the theory of evolution" (35. p. 159). 
Among those invited to participate in the 
association's first convention were rep- 
resentatives of the three major creation- 
ist parties, including Price. Rimmer. and 
one of Dawson's sons who. like his fa- 
ther, advocated the day-age theory {35, 
p. 209). But. as soon as the Price faction 
discovered that their associates had no 
intention of agreeing on a short Earth 
history, they bolted the organization, 
leaving it in shambles {36). 

Shortly thereafter, in .938. Price and 
some Adventist friends in the Los Ange- 
les area, several of them physicians asso- 
ciated with the College of Medical Evan- 
gelists (now Loma Linda University).: 
organized their own Deluge Geology So- 
ciety and. between 1941 and 1945. pub- 
lished a Bulletin of Delu}*e Geology and 
Related Science. As described by Price, 
the group consisted of "a very eminent 
set of men. ... In no other part of this 
round globe could anything like the num- 
ber of scientifically educated believers in 
Creation and opponents of evolution be 
assembled, as here in Southern Califor- 
nia" {20, p. 26). Perhaps the society's 
most notable achievement was its spon- 
sorship in the early 1940's of a hush-hush 
project to study giant fossil footprints, 
believed to be human, discovered in 
rocks far oldtr than the theory of evolu- 
tion would allow. This find, the society 
announced, demolished that theory "at a 
single stroke" and promised to "astound 
the scientific world!" {37). But despite 
such success and the croup's religious 
homogeneity, it too soon foundered — on 
"the same rock," complained a disap- 
pointed member, that wrecked the Reli- 
gion and Science Association, that is. 
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'*pre-Genesis time for the earth" {38}. 

By this time creationists were also 
beginning to face a new problem: the 
presence within their own ranks of 
young university-trained scientists who 
wanted to bring evangelical Christianity 
more into line with mainstream science. 
The encounter between the two genera- 
tions often proved traumatic, as is illus- 
trated by the case of Harold W. Clark 
(bom 1891). Once a student of Price's, 
he had gone on to earn a master's degree 
in biology from the University of Califor- 
nia and taken a position at a small Ad- 
ventist college in northern California. By 
1940 his training and field experience had 
convinced him that Price's New Geolof;} 
was ''entirely out of date and inade- 
quate** as a text, especially in its rejec- 
tion of the geological column. When 
Price learned of this, he angrily accused 
his former disciple of suffering from ''the 
modem mental disease of university- 
itis" and of currying the favor of "tobac- 
co-smoking. Sabbath-breakings God-de- 
fying" evolutionists. Despite Clark's 
protests that he still believed in a literal 
creation and universal flood. Price 
kept up his attack fo' the better part of a 
deca(fe, at one point addressing a vitriol- 
ic paiTiphlet. Theories of Satanic Origin, 
to his erstwhile friend and fellow cre- 
ationist {20, p. 25). 

The inroads of secular scientific train- 
ing also became apparent in the Ameri- 
can Scientific Affiliation (ASA), created 
by evangelical scientists in 1941. Al- 
though the society adopted no statement 
of belief, during its early years strict 
creationists found its atmosphere conge- 
nial. However, in the late I940's some of 
the more progressive members, led by a 
geochemist. J. Laurence Kulp. began 
criticizing Price and his followers for 
their attempts to compress Earth history 
into less than 10.000 years. Kulp. a 
Wheaton alumnus and a Plymouth 
Brother, had acquired a doctorate from 
Princeton University before joining the 
Department of Geology at Columbia 
University. Although initially suspicious 
of the conclusions of geology regarding 
the history and antiquity of the earth, he 
had come to accept them {39). As one of 
the first evangelicals professionally 
trained in geology, he felt a responsibil- 
ity to warn his colleagues in the ASA 
about Price's work, which, he believed, 
had "infiltrated the greater portion of 
fundamental Christianity in America pri- 
marily due to the absence of trained 
Christian geologists." In what was ap- 
parently the first systematic critique of 
the "new geology" Kulp concluded that 
the "major propositions of the theory arc 
Y^-radicted by established physical and 



chemical laws" (40). Conservatives with- 
in the ASA not unreasonabi) suspected 
that Kulp's exposure to "the orthodox 
geological viewpoint" had severel> un- 
dermined his faith in a literal interpreta- 
tion of the Bible {41). As more and more 
ASA members drifted from strict cre- 
ationism. a split appeared inevitable. 



Henry M. Morris and the 
Revival of Creationism 

In 1964 a historian predicted that "a 
renaissance of the (creationist) move- 
ment is most unlikely" {42). And so it 
seemed. But even as those words were 
penned a revival was under way. led b> a 
Texas engineer. Henry M. Morn>. 
Reared a nominal Southern Baptist, and 
a believer in creation. Morris as a vouth 
had drifted unthinkingly into evolution- 
ism and religious indifference. A thor- 
ough study of the Bible after his gradua- 
tion from college convinced him of its 
absolute truth and prompted him to re- 
evaluate his belief in evolution. After an 
intense period of soul-searching he con- 
cluded that creation had taken place in 
six literal days because the Bible clearly 
said so and "God doesn't lie." Corrobo- 
rating evidence soon came from the book 
of nature. While sitting in his office at 
Rice Institute, where he was teaching 
civil engineering, he would stud> the 
butterflies and wasps that flew in 
through the window: being familiar with 
structural design, he calculated the im- 
probability of the development of such 
complex creatures by chance. Nature as 
well as the Bible seemed to argue for 
creation {43). 

For assistance in answering the claims 
of evolutionists, he found little creation- 
ist literature of value other than the 
writings of Rimmer and Price. Although 
he rejected Price s peculiar theology, he 
took an immediate liking to his flood 
geology and incorporated it into a little 
book. That You Mi^ht Believe { 1946). the 
first book, so far as he knew . "published 
since the Scopes trial in which a scientist 
from a secular university advocated re- 
cent special creation and a worldwide 
flood" {44). In the late 1940's he joined 
the ASA— just in time to protest Kulp's 
attack on Price's geology. But his words 
fell on deaf ears. In 1953. when he pre- 
sented some of his own views on the 
flood to the ASA. one of the few compli- 
ments came from a young theologian. 
John C. Whitcomb. Jr.. who belonged to 
the Grace Brethren. Morns and Whit- 
comb subsequently became friends and 
decided to collaborate on a major de- 
fense of the Noachian flood. By the time 



they finished their project. Morris had 
earned a Ph.D. in hydraulic engineering 
from the University of Minnesota and 
was chairing the civil engineering depart- 
ment at Virginia Polytechnic' Institute. 
Whitcomb was teaching Old Testament 
studies at Grace Theological Seminary in 
Indiana {43). 

In 1961 they brought out The Genesis 
Flood {45), the most impressive contri- 
bution to strict creationism since the 
publication of Price s New Geolofiy in 
1923. In many respects their book ap- 
peared to be simply ''a reissue of G. M. 
Price's views, brought up to date." as 
one reader described it {46). Beginning 
with a testimony to their belief in 'The 
verbal inerrancy of Scripture" {45, p. xx) 
Morris and Whitcomb wen? on to argue 
for a recent creation of the entire uni- 
verse, a fall that triggered the second law 
of thermodynamics, and a woridwide 
flood that in I year laid down most of 
the geological strata. Given this history, 
they argued. 'The last refuge of the case 
for evolution immediately vanishes 
away, and the record of the rocks be- 
comes a tremendous witness ... to the 
holiness and justice and power of the 
Hving God of Creation!" W5. p. 451). 

Despite the book s lack of conceptual 
novelty, it provoked an intense debate 
among evangelicals. Progressive cre- 
ationists, who interpreted the days of 
Genesis symbolically, denounced it as a 
travesty on geology that threatened to 
set back the cause of Christian science 
a generation, while strict creationists 
praised it for making biblical catastro- 
phism intellectually respectable. Its ap- 
peal, suggested one critic', lay primarily 
in the fact that, unlike previous creation- 
ist works, it "looked le^^itimate as a 
scientific contribution." accompanied as 
it was by footnotes and other scholarly 
appurtenances {47). In responding to 
then detractors, Morris and Whitcomb 
repeatedly refused to be drawn into a 
scientific debate, arguing that 'The real 
issue IS not the correctness of the inter- 
pretation of various details of the geolog- 
ical data, but simply what God has re- 
vealed in His Word concerning these 
matters" {48). 

Whatever *:s merits. The Genesi.s 
Flood unqu 'stionably "brought about a 
stunning renaissance of flood geology" 
{49). symbolized by the establishment m 
1963 of the Creation Research Society. 
Shortly before its publication Morris had 
sent the manuscript to Walter E. Lam- 
merts. a Missouri-Synod Lutheran with 
a doctoiatc in genchcs from the Univer- 
sity of California. As an undergraduate 
at Rt»rkeky ! i«rnmerts had di^covcred 
Price's New Geolof^y, and during the 
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early I940*s. while teaching at UCLA, 
he had worked with Price in the Cre- 
ation-Deluge Society. After the mid- 
I940's. however, his interest in creation- 
ism had flagged, until reawakened by the 
Morris and Whitcomb manuscript. Dis- 
gusted by (he ASA's flirtation with evo- 
lution, he organized in the early I960's a 
correspondence network with Morris 
and eight other strict creationists, 
dubbed the "team of ten." In l%3 seven 
of the ten met with a few other like- 
minded scientists at the home of a team 
member in Midland. Michigan, to form 
the Creation Research Society (CRS) 
i50). 

The society began with a carefully 
selected. 18-man "inner-core steering 
committee," which included the original 
team of ten. The composition of this 
committee reflected, albeit imperfectly, 
the denominational, regional, and pro- 
fessional bases of the creationist revival. 
There were six Missouri-Synod Luther- 
ans, five Baptists, two Seventh-day Ad- 
ventists. and one each from the Re- 
formed Presbyterian Church, the Re- 
formed ChrisUan Church, the Church of 
the Brethren, and an independent Bible 
church (information about one member 
is lacking). Eleven lived in the Midwest, 
three in the South, and two in the Far 
West. The committee included six biolo- 
gists but only one geologist, an indepen- 
dent consultant with a master's degree. 
Seven members taught in church-related 
colleges, five in state institutions, the 
others worked for industry or were self- 
employed (5/). 

To avoid the creeping evolutionism 
that had rent the ASA and to ensure that 
the society remain loyal to the Price- 
Morns tradition, the CRS required mem- 
bers to sign a statement of belief accept- 
ing the inerrancy of the Bible, the special 
creation of "all basic types of living 
things." and a worldwide deluge. It re- 
stricted membership to Christians (J/). 
(Although creationists liked to stress the 
scientific evidence for their position, one 
estimated that "onl> about five percent 
of evolutiomsts-turned-creationists did 
so on the basis of the overwhelming 
evidence for creation in the worid of 
nature." The remaining 95 percent were 
creationists because they beheved in the 
Bible (.52). I To legitimi/e its claim to 
being a scientific society, the CRS pub- 
lished a quarteriy journal and limited full 
membership to persons with a graduate 
degree in a scientific discipline {51). 

At the end of Its first decade the socie- 
ty claimed 450 regular members, plus 
1600 sustaining members— those who 
did not meet the scientific qualifications 
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{50, p. 6}). Eschewing politics, the CRS 
devoted itself almost exclusively to edu- 
cation and research, funded "at very 
little expense, and . . . with no expendi- 
ture of public money." Among the proj- 
ects it supported were expeditions to 
search for Noah's ark. studies of fossil 
human footprints and pollen grains found 
out of the predicted evolutionary order, 
experiments on radianon-produced mu- 
tations in plants, and theoretical studies 
in physics demonstrating a recent origin 
of the earth (53). A number of members 
collaborated in prepaiing a biology text- 
book based on creationist principles (54). 
In view of the previous history of cre- 
ation science, it was an auspicious begin- 
ning. 

While the CRS catered to the needs of 
scientists, a second, predominantly lay. 
organization carried creationism to the 
masses. Initiated in 1964 in the wake of 
interest generated by The Genesis Flood. 
the Bible-Science Association came to 
be identified by many with one man. 
Walter Lang, an ambitious Missouri- 
Synod pastor who assertively prized 
spiritual insight above scientific exper- 
tise (55). .As editor of the widely circulat- 
ed Bihle-Siie/ue Newsletter, he vigor- 
ously promoted the Price-Morris line and 
occasionally provided a platform for in- 
dividuals on the fringes of the creation- 
ist movement, such as those who ques- 
tioned the heliocentric theory and who 
believed that Einstein's theory of relativ- 
ity "was invented in order to circumvent 
the evidence that the earth is at rest" 
(56). Needless to say. the pastor's broad- 
mindedness greatly embarrassed cre- 
ationists seeking scientific respectabil- 
ity, who feared such bizarre behavior 
would tarnish the entire movement (57). 



Scientific Creationism 

The creationist revival of the I960's 
attracted little public attention until late 
m the decade, when fundamentalists be- 
came aroused about the federally funded 
Biological Sciences Curriculum Study 
texts, which featured evolution, and the 
California State Board of Education vot- 
ed to require public school textbooks to 
intlude creation along with evolution. 
This decision resulted in large part from 
the eflforts of two southern California 
housewives. Nell Segraves and Jean 
SumralL associates of both the Bible- 
Science Association and the CRS. In 
I96I Segraves learned of the U.S. Su- 
preme Court s ruling in the Madalyn 
Murray case protecting atheist students 
from required prayers in public schools. 



Murray's ability to shield her child from 
religious exposure suggested to Segraves 
that creationist parents like herself 
**were entitled to protect our children 
from the influence of beliefs that would 
be off*ensive to our religious beliefs" {47, 
p. 58). L was this line of argument that 
finally persuaded the Board of Education 
to grant creationists equal rights. 

Flushed with victory. Segraves and 
her son Kelly in 1970 joined an effort to 
organize a Creation-Science Research 
Center (CSRC). affiliated with Christian 
Heritage College in San Diego, to pre- 
pare creationist literature suitable for 
adoption in public schools. Associated 
with them in this enterprise was Henry 
Morris, who resigned his position at Vir- 
ginia Polytechnic Institute to help estab- 
lish a center for creation research. Be- 
cause of differences in personalities and 
objectives, the Segraves in 1972 left the 
college, taking the CSRC with them, and 
Morris set up a new research division at 
the college, the Institute for Creation 
Research (ICR) {43). Morris announced 
that the new institute would be "con- 
trolled and operated by scientists" and 
would engage in research and education, 
not political action (58). During the 
I970's Morris added five scientists to his 
staff and, funded mainly by small gifts 
and royalties from institute publications, 
turned the ICR into the world's leading 
center for the propagation of strict cre- 
ationism {43). Meanwhile, the CSRC 
continued campaigning for the legal rec- 
ognition of special creation, often citing 
a direct relation between the acceptance 
of evolution and the breakdown of law 
and order. Its own research, the CSRC 
announced, proved that evolution fos- 
tered "the moral decay of spiritual val- 
ues which contributes to the destruction 
of mental health and . . . [the prevalence 
of] divorce, abortion, and rampant vene- 
real disease" (59). 

The I970's witnessed a major shift in 
creationist tactics. Instead of trying to 
outlaw evolution, as they had done in the 
I920's. antievolutionists now fought to 
give creation equal time. And instead of 
appealing to the authority of the Bible, as 
Morris and Whitcomb had done as re- 
cently as 1961. they consciously down- 
played the Genesis story in ^"ivor of what 
they called "scientific creationism." 
Several factors no doubt contributed to 
this shift. One sociologist has suggested 
that creationists began stressing the sci- 
entific legitimacy of their enterprise be- 
cause "their theological legitimation of 
reality was no longer sufficient for main- 
taining their world and passing on their 
worid view to their children" {47, p. 98). 
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There were also practical consider- 
ations. In 1968 the U.S. Supreme Court 
declared the Arkansas anticvolution law 
unconstitutional, giving creationists rea- 
son to suspect that legislation requir- 
ing the teaching of biblical creationism 
would meet a similar fate. They also 
feared that requiring the biblical account 
"would open the door to a wide variety 
of interpretations of Genesis** and pro- 
duce demands for the inclusion of non- 
Christian versions of creation {60). 

In view of such potential hazards. 
Morris recommended that creationists 
ask public schools to teach ^^only the 
scientific aspects of creationism** (6/), 
which in practice meant leaving out all 
references to the 6 days of Genesis and 
Noah*s ark and focusing instead on the 
evidence for a recent worldwide catas- 
trophe and on arguments against evolu- 
tion. The ICR textbook Scientific Cre- 
ationism (1974) came in two editions: 
one for public schools, containing no 
references to the Bible, and another for 
use in Christian schools, which included 
a chapter on * 'Creation according to 
Scripture** {61). 

In defending creation as a scientific 
alternative to evolution, creationists re- 
lied less on Francis Bacon and his con- 
ception of science and more on two new 
philosopher-heroes. KaH Popper and 
Thomas Kuhn. Popper required all sci- 
entific theories to be faisifiable; since 
evolution could not be falsified, argued 
the creationists, it was by definition not 
science. Kuhn described scientific prog- 
ress in terms of competing models or 
paradigms rather than the accumulation 
of objective knowledge. Thus creation- 
ists sa^v no reason why their flood-geolo- 
gy niodel should not be allowed to com- 
pete on an equal scientific basis with the 
evolution model. In advocating this two- 
model approach to school boards, cre- 
ationists were advised {62): 

Sell more SCIENCE Who can object lo 

leaching more science? What is controversial 
about that? ... do not use the word "cre- 
ation." Speak only of science. Explain thai 
withholding informanon contradicting evolu- 
tion amounts to "censorship** and smacks of 
getting into the province of religious dog- 
ma. ... Use ihe ** censorship** label as one 
who is against censoring science. YOU are for 
science: anyone else who wants to censor 
scientific data is an old fogey and loo doctri- 
naire to consider. • 

This tactic proved extremely efl^ective. 
Two state legislatures and various school 
boards adopted the two-model approach, 
and an informal poll of school board 
members in 1980 showed that only 25 
percent favored teaching nothing but 
evolution (6i). 
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Except for the battle to get scientific 
creationism into public schools, nothing 
brought more attention to the creation- 
ists than their public debates w ith promi- 
nent evolutionists, usually held on col- 
lege campuses. During the I970*s the 
ICR staff alone participated in more than 
a hundred of these contests and. accord- 
ing to their own reckoning, never lost 
one {64). Morris preferred delivering 
straight lectures and likened debates 
to the bloody confrontations between 
Christians and lions in ancient Rome, but 
he recognized their value in carrying the 
creationist message to "more non-Chris- 
tians and non-creationists than almost 
any other method*" (65). Forlunatelv tor 
him, an associate. Duane T. Gish. holder 
of a doctorate in biochemistry from the 
University of California, relished such 
confrontations. If the mild-mannered, 
professorial Morris was the Darwin of 
the creationist movement, then the 
bumptious Gish was its Huxley. He 
"hits the floor running." just like a bull- 
dog, observed an admiring colleague: 
and "I go for the jugular vein." added 
Gish himself (66). Such enthusiasm 
helped draw crowds of up to 5000. 

Early in 1981 the ICR announced the 
fulfillment of a recurring dream among 
creationists: a program offering graduate 
degrees in various creation-oriented sci- 
ences (67). Besides hoping to fill an 
expected demand for teachers trained in 
scientific creationism. the ICR wished to 
provide an academic setting where cre- 
ationist students would be free from dis- 
crimination. Over the years a number of 
creationists had reportedly been kicked 
out of secular universities because of 
their heterodox views, and leaders had 
warned graduate students to keep silent, 
"because if you don't, in almost 99 per- 
':ent of the cases you will be asked to 
leave" {68). Several graduate students 
took to using pseudonyms when writing 
for creationist publications. 

To All the World 

It IS still too eariy to assess the full 
impact of the creationist revival sparked 
by Morris and Whitcomb. but its influ- 
ence, especially among evangelical 
Christians, seems to have been im- 
mense. Not least, it has elevated the 
strict creationism of Price and Morris to 
a position of apparent orthodoxy. It has 
also given creationism a claim to scien- 
tific respectability unknown since the 
deaths of Guyot and Dawson. 

Unlike the antievolutio.. crusade of 
the 1920*s, which remained confined 
mainly to North America, the revival of 



the 1960*s rapidly spread overseas as 
American creationists and their books 
circled the globe. Largely as a result of 
stimulation from America, including the 
publication of a British edition of The 
Genesis Flood in 1969, membership in 
the British Evolution Protest Movement, 
founded in 1932, quadrupled, and two 
new creationist organizations sprang into 
existence, the appearance of one, the 
Newton Scientific Association, coincid- 
ing with a visit by Morris to England in 
1973 (69). On the Continent the Dutch 
assumed the lead in promoting creation- 
ism, encouraged by the translation of 
books on flood geology and by visits 
from ICR scientists in 1977 {70). Similar 
developments occurred elsewhere in Eu- 
rope, as well as in Australia, Asia, and 
South America. By 1980 Morris's books 
a^one had been translated into Chinese, 
Czech, Dutch, French, German, Japa- 
nese, Korean, Portuguese, Russian, and 
Spanish (7/). Creationism had become 
an international phenomenon. 
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In this century, the time lag between 
the creation of a new scientific concept 
and its general application is usually 
measured in decades. Occasionally, 
however, the gap is compressed as a new 
theoretical insight moves swiftly to the 
stage of application and, henct, of wide, 
practical disseminaiion. We are now in 
the throes of such a mov»"meni in the 
field of applied research in genetic engi- 
neering. 

At limes of swift and intellectually 
excittng development, with the potential 
for enormous benefits to society and 
financial profits to skillful entrepreneurs, 
it is natural to ask questions about the 
appropriate relationship of universities 
to commercial sponsors of university re- 
search, and, indeed, about the very na- 
ture of the university. Because Yale par- 
ticipates actively in many developing ar- 
eas of science and technology, we have 
been seeking ansivers to these questions. 
For the past year, a faculty Committee 
on Cooperative Research, Patents, and 
Licensing has been considering the is- 
sues raised by our increasing relation- 
ships to private commercial firms. On 



the basis of the committee's recommen- 
dations, and in consultation with the 
Research Advisory Board, chaired by 
the provost, \^e wil! soon bring before 
the Yale Corporation the results of these 
delibeiations. The corporation will then 
issue a statement of policy to govern the 
nature and extent of uni\ersit> and facul- 
ty involvement in the commercial appli- 
cation of our scientific and scholarly 
research. In this article I discuss some 
principles on which such a policy can 
rest. 

The university exists to protect and 
foster an environment conducive to free 
inquiry, the advancement of knowledge, 
and the free exchange of ideas. Such an 
environment depends crucially on trust 
and openness, and on a clear under- 
standing of a set of principles governing 
scholarly inquiry. The principles are sim- 
ply stated: the university and individual 
members of the faculty pledge them- 
selves to the open, unimpeded, and ob- 
jective pursuit of ideas, to the exchange 
of ideas openly and without deceit; and 
to the full and wide disseminaiion, 
through teaching and written publica- 



tion, of the results of scholarly inquiry. 
The appropriate discipline on the dis- 
semination of ideas is the critical scruti- 
ny of responsible experts in order to 
assure the general public that complete- 
ness in investigation and citation, and 
rigorous and logical analysis in drawing 
conclusions, have been applied in the 
work. 

As the university in its corporate body 
pledges to protect and foster an environ- 
ment conducive to free inquiry, so also 
must the individual members of the fac- 
ulty. As that environment and those 
principles engage a spirit that transcends 
the letter of stated principles, so each 
faculty member must sustain the univer- 
sity 's commitment to free inquiry by 
fostering a spirit of collegiality, a shared 
sense of respect for and trusteeship of 
shared values of opennes.^ and intellectu- 
al freedom that the university exists to 
embody in the larger society. And, as the 
university in its administrative body 
must recognize that the members of the 
faculty, collectively and individually, are 
at the core of the university; and that, on 
behalf of members of the faculty, it ts 
essential to protect academic freedom as 
well as to foster traditions of faculty self- 
regulation and self-government, so also 
is It essential that each faculty member 
recognize that the primary and overrid- 
ing obligation of every faculty member, 
in terms of his or her commitment of 
time, attention, and intellectual energy, 
IS to the university,^ that is, to the stu- 
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dents, colleagues, and general mission of 
the university. 

These principles of free inquiry and 
open dissemination of ideas, as well as 
the values of colicgiaiity. mutual trust, 
and primary commitment, exist to pro- 
tect the environment for free inquiry. 
They also form the principles and as- 
sumptions underlying all that follows. 

Both university-based research, con- 
cerned primarily with the advancement 
of fundamental knowledge, and industry- 
based research, concerned primarily 
with marketable application, should 
serve the general well-being of society 
albeit in differing ways. Since the knowl- 
edge typically developed in university- 
based research is of a fundamental na- 
ture, it will often have a multitude of 
potentially useful applications. Because 
many of these eventual applications can- 
not be foreseen, it is particularly appro- 
priate that such knowledge be dissemi- 
nated as widely as possible so that all 
may use it if they will. While private 
industry pursues basic research, it does 
so less often, in part because it is so 
difficult to capture an adequate financial 
return from such long-term, risky efforts. 

Universities are marketplaces where 
ideas are freely available; where knowl- 
edge is pursued by way of the norms of 
free discussion and the free access to and 
exchange of information: and where the 
freedom to publish must obtain. In con- 
trast to the university, the commercial 
enterprise is appropriately animated by 
the profit motive. Commercial applica- 
tion of new knowledge typically requires 
a substantial investment in applied re- 
search and development, and commonly 
in the equipment required by new prod- 
ucts or methods of production. A profit- 
making enterprise will undertake such an 
investment, and all its associated risks, 
only when it can reasonably expect an 
adequate return, a return not likely to 
occur if competitors arc first to the mar- 
ketplace. The opportunity for private 
profit provides the encouragement for 
the socially beneficial application of new 
technology. To realize profits from tech- 
nological innovation, however, a compa- 
ny must strive to protect its proprietary 
knowledge and to prevent its exploita 
tion by commercial competitors. 

The development of theoretical con- 
cepts, born in the university, and the 
transformation by industry of those con- 
cepts into practical application, arc often 
complementary processes. The comple- 
mentary nature of their activities, how- 
ever, simply throws into relief the basic 
difiference between universities and in- 
itries: the academic imperative to 
k knowledge objectively and to share 



it openly and freely; and the industrial 
imperative to garner a profit, which cre- 
ates the incentive to treat knowledge as 
private property. 

With these underiying principles of 
free inquiry and free market in mind, we 
can now examine specific issues con 
ceming university-industry relation- 
ships. The first is the appropriate nature 
of faculty involvement with profit-orient- 
ed companies, particulariy such compa- 
nies which seek to market new processes 
and products growing from university- 
based research. The second is the appro- 
priate conditions of grants or contracts 
for basic research by existing companies 
to universities, especially when these 
conditions require some form of exclu- 
sive relation' iip, of license or treatment, 
by the university with the company as a 
condition to the grant. There may well be 
cases that are ambiguous and where rea- 
sonable people will have to wrestle with 
the application of whatever policy 
emerges. For that reason. 1 see the pro- 
vost's Research Advisory Board playing 
a continuing role in administering our 
policy. I believe that the following con- 
siderations must be taken into account in 
forming that policy. 



Faculty Involvement with 
Profit Oriented Companies 

There are potential conflicts of com- 
mitment and potential conflicts of inter- 
est whenever a member of the faculty is 
involved with extra-university entities. 
Let us here consider the specific issues 
surrounding the involvemt;nt of a mem- 
ber of the faculty with a company seek- 
ing to exploit university-based research. 

1 doubt that a ficulty member can 
ordinarily devote the time and energy the 
university requires and also pursue a 
substantial involvement in anv such out- 
side company. Such involvement neces- 
sarily demands great concentration and 
commitment, particularly at the outset or 
if business goes badly. When a faculty 
member becomes substantially inu)lved 
in a company, the conflict in norms 
governing the dissemination of knowl- 
edge becomes very diflficult to reconcile. 
The burden of maintaining a teaching 
program and two separate research pro- 
prams, where the results of one research 
program are to be widely disseminated 
and the results of the other may have to 
be kept secret in the pursuit of commer- 
cial success, is more than even the most 
responsible faculty member can be ex- 
pected to shoulder. Finally, such in- 
volvement risks putting one's students 
and research associateti lo ambiguous 
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circumstances, such that the graduate or 
postdoctoral student would not know, 
when working with a professor, for 
whom he or she was working — the uni- 
versity, the profe^,or. or the company. 
Of all members of the university commu- 
nity, the student especially ought to be 
working for himself or herself, and ought 
to be guided in research and trained in 
skills and techniques that are designed to 
produce a first-rate scholar, not profit for 
a company in the private sector. 

1 believe that if a faculty member 
becomes a manager of a company pursu- 
ing commercial application of his or her 
university-based research; or acquires, 
through gift or purchase, stock shares in 
this kind of company in such proportion 
to the total number of shares that he or 
she can have a significant effect on the 
decision making of that company, then 
there is a presumption that the faculty 
member's involvement in the outside en- 
tity is substantial. In such an event, there 
should be a review of the relationship, 
the possible consequence being that the 
faculty member might well have to de- 
cide to leave the faculty for a limited 
period of time, perhaps I year, by taking 
an unpaid leave of absccncc to pursue 
those outside interests. If. at tnc end of 
that time, the faculty member were to 
wish to retain the outside interests de- 
scribed above, then that person would 
relinquish tenure, if he or she had it. and 
assume "adjunct" status if the relevant 
department or school were to recom- 
mend such an appointment in the usual 
way. The alternative for such a person 
would be to sever completely all tics to 
the university. Were such a person to 
wish to become a full-time member of 
the faculty at a later date, such a possi- 
bility would require the availability of an 
open position and the use of the institu- 
tion's full appointments procedure. 

There are relationships of individual 
faculty members to commercial compa- 
nies, even those using the results of 
university -based lesearch. that tradition- 
ally the university has allowed and will 
continue to allow. In these "consulting*' 
relationships members of the faculty pro- 
vide advice to companies but do not 
directly manage corporate research 
''Nonsuiting" can enhance a person's 
professional competence, and further the 
mission of the university . Our rule is that 
a faculty member may spend not more 
than I day in a 7-day week in such a role 
Thus there is a limit on the commitment 
of time and energy. 

Serving as a consultant to a company 
or, within the rule of reason, accepting 
payment in equities from some cash- 
poor, idea-rich company, is less likely to 
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create conflicts of commilmcni or con- 
flicts of interest than serving in a role 
that has a signiflcant cflcct on corporate 
decision-making. A faculty member who 
has gone beyond any reasonable defini- 
tion of "consulting** has reached the 
point where the question arises whether 
he or she should remain a full-time mem- 
ber of the faculty. 

Universities frequently require that 
faculty members wishing to engage m 
consulting obtain the permission of a 
chairman or dean. More recently, the 
Committee on Cooperative Research. 
Patents, and Licensing has also recom- 
mended that each faculty member pro- 
vide, as part of the routine annual report 
to the president, a description of the 
commitment and the organizations in- 
volved in his or her nonunivcrsity pro- 
fessional work. This recommendation 
has been accepted, and i* will be imple- 
mented in the coming academic year. 

Such disclosure — of consulting rela- 
tionships, of relationships with outside 
companies engaged in application of a 
Yale faculty member's research, or of 
relationships with companies that sell to 
the university goods or services — is. I 
believe, the best st ly against conflicts of 
interest or conflicts of commitment- Dis- 
closure of this sort recogni/.es that there 
are grey -"reas where reasonable people 
might have difl*cnng views jmd it pro- 
vides the occasion for discussion. In 
such disclosure to the administration, 
there is no monitoring of colleague b> 
colleague. Rather a premium is put 
where it ought to be. on trust and open- 
ness. 

Conditions of (irants and Contracts 

I'he second issue for universil> -indus- 
tr> relationships tonccins the appropri- 
ate principles in an agreement between 
an established company and the univer- 
sit> when a companv wishes to support 
basiL resoarth in a spcLifit area. In dis- 
cussing such agreements, questicms of 



exclusivity often arise, either with regard 
to proprietary information provided b> a 
company as part of an arrangement for 
cooperative research or with regard to 
exclusive license to whatever the univer- 
sity is entitled to patent. 

The university is the only entity that 
can enter into arrangements for coopera- 
tive research, and the university\ posi- 
tion with regard to exclusive licensing 
agreements is the following. In general, 
the university would prefer to grant non- 
exclusive licenses, in order to make 
knowledge as widely available as possi- 
ble. The university, however, in certain 
circumstances, may grant an exclusive 
license, thus encouraging a firm to devel- 
op an invention. It will sometimes be 
clear that society will be better served by 
the grant of an exclusive license in order 
to bring the knowledge to the public and 
that the bcn-ifits to society from such 
exclusivity are greater than the costs of 
any diminished competition. 

Each individual agreement must and 
will be negotiated on its merits. Through 
such negotiations. Yale will insist on 
principles which seek to assure that its 
patentable inventions will be fully and 
beneficially used, and that knowledge 
with a potential benefit to socielv at large 
will reach the public in a timely and 
useful fashion. 

Research grants from business firms 
raise other questions as well, questions 
thai are the same as those raised bv 
research sponsored by the federal gov- 
ernment or by private foundations. 
When contemplating a prospective grant 
or contract with any sponsor, the univ er- 
sity vvill first consider whether the poten- 
tial would exist for upsetting the intellec- 
tual equilibrium and human relationships 
in a department were one kind of re- 
search to he funded out of proportion to 
other kinds of research As an indispens- 
able condition to arrangements lor coop 
erative research with industiv. just as 
With go V e r n m e n t - s pon so re d research, 
the universitv will not accept restriction, 
inhibition, oi infringement upon a mem 



ber of the faculty 's free inquiry or capac- 
ity orally to communicate the results of 
his or her research. In addition, the 
university will not accept any restriction 
of written publication, save the most 
minor delay to enable a sponsor to apply 
for a patent or license. Such a del- 
should not be so long as to lengt 
appreciably the time normally reqi...wd 
to bring results into print. 

Yale has. through its faculty Commit- 
tee on Cooperative Research. Patents, 
and Licensing and its Research Advisory 
Board, the capacity to assess adherence 
to these principles and conditions. The 
university will only agree U) arrange- 
ments for sponsored research, from any 
sector of society, which are compatible 
with Its norms and mission, and will not 
agree to any arrangement which will 
impair the environment of openness and 
free communication of ideas. 

I ha%e by no means addressed all the 
issues in this area. Diflficult cases and 
anomalous situations, requiring the pa- 
tience, wisdom, and goodwill of mem- 
bers of the faculty a^'d administration 
alike, will present themselves. I have, 
however, suggested here some principles 
and general guidelines. We have respon- 
sible forums to explore these suggestions 
and to assess the cases that exist or that 
will arise. 

The opportunities for cooperative re- 
search between universities and indus- 
tries are very exciting and can rebound 
U) the benefit of society. These opportu- 
nities should not drive us toward ar- 
rangements for basic research that 
abridge our principles. Nor should the 
uriivei>.!iy ii;nore the potential availabil- 
ity of funds from commercial sponsors. 
Wc should negotiate approp'iai- ar- 
rangements, openly arrived at. that can 
further our nnssion. The constant chal- 
lenge for the university is to know tn 
clear and principled terms how to cher- 
ish learning, and its pursuit, for its own 
sake, and how to assist in bringing the 
results of free inquiry to the rest of the 
society for the good of the public. 
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There arc many good reasons for the great 
current aucntion to university- industry rela- 
tions, but there arc troublesome reasons as 
well. One is that universities are now un- 
usually hungry. There is nothing wrong with 
hunger. But a hungry man may cut comers in 
his rush to nourishment, and he may be taken 
advantage of in negotiations. Fear of this is 
leading to the threat of protectionism, as ex* 
emplified by recent attempts to classify or 
otherwise control access to university re- 
search, including that joint with industry. 

In designing university-industry con- 
nections, protecting interests by high-level 
negotiations is wrong. The adversary pro- 
cess, and the proliferation of lawyers to ma- 
nipulate it. was never intended to apply to 
joint programs, where the output is also 
joint, where it is by vo means a zero-sum 
game, and where the accomplishments for 
all participants are far greater if speed and 
simplicity of negotiations take the place of 
exquisitely detailed legal contracts. Pro- 
tectionism is dangerous and habit-forming. 
Circumstances exist where it is appropriate, 
but only for a short time. One of the few 
essentials of agreements is that any secrecy 
or interference with open publication or stu- 
dent interaction should be strictly temporary. 



The dominant problem of supporting 
enough basic research in universities will re- 
main. This must continue to be a federal re- 
sponsibility; no company or industry can 
harvest the results soon enough to justify any 
investment larger than keeping a window on 
basic research and a conduit for the move- 
ment of bright young people into the com- 
pany. Hard work in the universities will lead 
to important cooperative research agree- 
ments with industry, but unremitting effort 
will be required to maintain or enlarge the 
basic research on which all else rests. 

But there is far more at stake than support 
for universities. University-industry interac- 
tion should not be looked upon as support at 
all. but as an absolutely necessary part of the 
survival both of American institutions and of 
the American economy. As the economy 
stumbles, protectionism of all kinds becomes 
rampant, and everyone loses. From the uni- 
versity's standpoint, cooperative projects 
with industry affect graduate (and even 
undergraduate) work in healthy ways. To use 
Harvey Brooks's phrase, giving students "re- 
spect for applied problems" is an important 
part of their education. Wisdom begins when 
students (and even professors) reali7.e that an 
invention is not a product and a product is 



not an industry. What is perhaps most at 
stake is attracting some of the ablest young 
people to those fields that can make a dif- 
ference in the survival of our society. Parti* 
cle physics ought to be done, just as art gal- 
leries ought to be maintained, and the richer 
the country is the more particle physics and 
art galleries it should support. But ;t would 
be a disaster if protectionism, of cither the 
government or the industry variety, were to 
discourage some of the best young people 
from going into applied fields. 

Universities are resilient institutions. We 
are sufficiently strong in depth that we can 
afford to experiment. If we move too fast or 
in an inappropriate direction, we can pull 
back. Our resilience means that we do not 
have to be so protectionist that we become 
precious. After all. what we properly call 
"integrity.*' the rest of the world calls 
**selfishness." Incidentally. 1 prefer Eric 
Ashby's words "inner logic" to "integrity." 
We must be careful to preserve our inner 
logic, certainly, and incidentally our50!(c)3 
status (or the similar tax-exempt status of our 
affiliated foundations). But the public at 
large is less interested in the precise bound- 
anes between universities and industry or 
universities and government; after all. the 
public is paying for all of these entities. 
Above all we should indulge in protection- 
ism of a higher sort: We should protect our 
willingness and ability to take risks, to ex- 
periment, to undertake new directions, and 
to help a new generation prepare themselves 
for lives of service. — Adapted from on ad- 
dress at the Conference on University- 
Industry Relations. Madison, W'lMonsin, 16 
November 1 982. 




My father was born in 1900 and died in 
!984. In those years, he participated in 
one cf the most drastic transformations 
any species has ever experienccrit. It is 
difficult to comprehend the extraordi- 
nary changes that people have witnessed 
in this century as a result of advances in 
O 
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science and technology. We arc so deep- 
ly embedded in the present that it takes a 
difficult mental effort to comprehend the 
time scale of human life on Earth and the 
recency of the kind of world that vnc live 
in now. Human ancestors have been 
separate from the apes for about 5 to 10 
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million years For almost that entire 
time, there were fewer than 1 million 
people on earth, subsisting b> hunting 
and gathering in small, nomadic groups. 
Agriculture and large, settled popula- 
tions have existed for much less than I 
percent of that epoch, and our technical 
world has been present for a mere mo- 
ment in the time scale of human evolu- 
tion. The wa> we live today is. in many 
important respects, a novelty for our 
species. 

Our ancestors — prehuman, almosthu- 
man, and distinctly human — hved in 
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presideni eleci of the AAAS Ihi> .trtidc is based on 
his lecture al Ihe AAAS annual niceling on 27 Ma> 
1984 in Nev. YorkCit> A fuller attounl of ihc views 
presented here are in ihe President s Essa\. Carne 
gie Corporation of New York, to be published in 
June 1984 



!!5 



small groups in which they learned the 
nilcs of adaptation for survival and re* 
production. They used simple tools to 
cope with the problems of living and 
struggled to obtain more control over 
their own destiny. For the most part, 
they Were vulnerable to the vicissitudes 
offood* water, weather, predators, other 
humans — whatever nature might bring. 
Their world began to change with the 
onset of agriculture about 10.000 years 
ago. But the most momentous changes 
occurred with the industrial revolution 
two centuries ago. and above uU wuh its 
pervasive implementation in the 20th 
century. 

Much of the technology that structures 
American lives today, in v^ays wc largely 
take for granted, is of extremely recent 
origin. In 190C there were few automo- 
biles or household telephones, motion 
pictures were just getting under way: 
there were no household radios, no air- 
planes, no televisions, no computers. 
Today it is almost impossible to imagine 
a world without these technologies — and 
in this country, without the- presence 
everywhere. What a diflference a century 
makes^indeed, even a decade as events 
move now. 



Opportunities and Complications 

The opportunities arising from our 
profoundly enhanced capability in sci- 
ence and technology are visible in every 
sphere of human life — in medicine and 
public health, in agriculture and food 
supply, in transportation and communi- 
cation, and elsev-here. Every advance 
has brought side effects— like a new 
medicine whose benefits are clear but 
whose complications take considerable 
time to appear. But complications there 
are. extreme population growth in much 
of the world, drastic urbanization with 
Its crowding of strangers beyond any 
prior experience, environmental dam- 
age, resource depletion the immense 
risks of weapons technolog). and new 
patterns of disease— all are large*^ prod- 
ucts of changes thi*t have occurred only 
in the most recent phase of human evolu- 
tion. We have rapidl> changed our tech- 
nology, our social organization, our diet, 
our activity patterns, the substances of 
daily use and exposure, patterns of re- 
productive activity, tension-relief, and 
human relationships These changes are 
laden with new benefits and new risks, 
and the long-term consequences are 
poorly understood. 

Many of the technological changes are 
exceedingly attractive since they free 
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our species from hardships and dangers; 
thev provide gratifications that were be- 
yond reach at least for most people in the 
past. In many respects, ordin-^ry citizens 
live today as kings of an earlier time 
never could. 

The automation of the houseSiold has 
drastically reduced the requirement of 
physical labor at home. Its social impli* 
cations have been far-reaching. Similarly 
the revolution in telecommunications 
has cor:*«e close to making this country a 
single large community in some respects 
and may one day have a similar effect on 
the world as a whole. 

Technological innovation is now asso* 
ciated with far-reaching and extremely 
rapid changes in the nature and scope of 
work available in this and other coun- 
tries. The pervasive mechanization of 
work appears to be tangible on the hori- 
zon, not us a distant prospect, but as a 
powerful current galhering momentum 
and affecting the entire economy in far- 
reaching ways. Benefits in productivity 
ar^ clearly visible. Concomitant social 
di««locations inc not as visible but are as 
likely to occur. 



Growing Pressures on Resources 

There are in many parts of the worid 
today strong tensions between popula- 
tion pressures and available resources. 
These tensions have explosive potential 
within countries and also for internation- 
al confli.ct. It has become a matter of our 
enlightened self-interest as well as of 
decent human concern for us to tr> hard 
to understand our species in its world 
wide interdependence, paying just as 
much attention to the Southern Hemi- 
sphere as to the Nonhern Hemisphere. 
For our own saKe as well as theirs, we 
need to strengthen our tie*, and work 
coopciativcly with people in developing 
countries toward the reduction of pover- 
ty, ignorance, and disease. 

Since the sciences provide our most 
powerful problem-solv ing tool, it IS es- 
sential that we bring their strengths to 
bear on these problems to the maximum 
extent possible. The task requires an 
intensive effort now to learn what can be 
extracted from the efforts at economic 
and social development during the past 
several decades, sorting out failures 
from successes, looking for strengths o.i 
which to build future elTons of practical 
value. 

The problems that face modern indus- 
trial nations are relat**d to sociotechnical 
conditions that have i',ppeared ver> re- 
cently hi the evolution of the human 
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spcaes: the magnitude and rate of 
change make it difficult for us to devise 
and implement solutions to these prob- 
lems. In developing countries., the shift 
from old to new ways has occurred even 
more rapidly, and change has been partly 
imposed from outside. These nations 
confront exceedingly difficult problems. 
Across much of Africa. Asia, and Latin 
America, explosive population growth 
and abject poverty have contributed to 
extremely severe health problems that 
stand as an enormous obstacle to sus- 
tained development and social progress. 
Their burden of early death and long- 
term di.sability is exceedingly heavy. In- 
fectious diseases take the lives of a great 
many infants before they reach 1 year of 
age and handicap for life many of those 
that survive. Susceptibility to a wide 
ran' of diseases is heightened oy the 
mixrgmal character of subsistence. 



Global Interdeprndence 

This set of facts raises ethical ques- 
tions for countries with strong scientific 
capability. In recent decades, the United 
States has given little attention— in re- 
search, education, and practice — to 
some of the most important disease 
problems in the world today. How can 
we and the other more developed nations 
help improve health in developing coun- 
tries? One way in which we are especial- 
ly able (o help is through research — 
including capacity-building in developing 
countries so that they can tackle their 
own problems. Priority areas ^rc. (i) 
epidemiological assessment of specific 
needs, (it) applying molecular bsology to 
parasitic diseases, (in) devising a widei 
array of fertility -control methods with 
special reference to cultural acceptabil- 
it> an^l feasibility of use. and (i. / clarify- 
ing relations of health and behavlO^ with 
special refereiice to breast-feeding, nu- 
trition, child care, sanitation, water use. 
and family planning. What is fundamen- 
tally needed is a heightened awarenes^^ 
within the scientific community of the 
opportunities that exist, since even a 
modest shift of attention to such prob- 
lems could yield major be. rfits. 

Difficult as these problems are. and 
cf>ing out for a larger place in the work 
of the scientific community, another as- 
pect of our globiil interdependence is 
even more urgently in need of atuution. 
I he overriding problem facing humanity 
today IS the threat of nuclear holocaust. 
Humanity 's capacity for destruction has 
radically outstripped its institutional ca- 
pacity to control intergroup violence. 
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That violence is rooted in the nature of 
the human species. Mass expression of 
violence— war, terronsm, and genocide- 
persists throughout the world, and no 
people should be considered incapable of 
it. But the invention and deplo>ment of 
nuclear weapons represents a qualitative 
break in the history of violence. It is now 
possible to destroy human life on Earth. 
Both the United States and the Soviet 
Union probably have the capacity to do 
that, or at least to make the human 
condition unbearable. In 1983, new evi- 
dence of the incredible devastation — 
immediate, long-term, and permanent — 
of nuclear war was brought to light. 

Former Secretary of Defense Harold 
Brown points out that in the firs; half- 
hour of a nuclear war there might well be 
100 million deaths each in the United 
States, in the Soviet Union, and in Eu- 
rope. It is plausible that a billion people 
would die in just a few weeks. In point of 
fact, there is nothing in our history as a 
species to prepare us to comprehend the' 
real meaning of such devastation. 

Human societies have a pervasive ten- 
dency to make distinctions between 
good and bad people, between heroes 
and villains, between ingroups and out- 
groups. It is easy for most of us to put 
ourselves at the center of the universe, 
attaching a strong positive value to our- 
selves and our group, while attaching a 
negative value to certain other people 
and their groups. It is prudent to assume 
that we are all. to some extent, suscepti- 
ble to egocentric and ethnocentric ten- 
dencies. The human species is one in 
which individuals and groups easily learn 
to blame others for whatever difficulties 
exist. But in the present predicanient 
around nuclear conflict blaming is at best 
useless and most likely counterproduc- 
tive. 

A new level of commitment of the 
scientific community is urgently needed 
to reduce the risk ot nuclear war. This 
requires a mobilization of the best possi- 
ble intellectual, technical, and moral re- 
sources in a wide range of knowledge 
and perspectives. A science-based effort 
is essential to maximize analytical capa- 
bility, objectivity, and respect for evi- 
dence — the outlook that is characteristic 
of the scientific community worldwide. 

These efforts should bring together 
scientists, scholars, and practitioners in 
order to clarify the many facets of avoid- 
ing nuclear war. To generate new op- 
tions for decreasing the risk, we need 
analytical work by people who know the 
weaponry and its military uses, people 
who know the Soviet Union, people who 
know international relations broadly. 
^ ncople who know the processes of policy 



formation and implementation, people 
who understand human behavior under 
stress, and people who understand nego- 
tiation and conflict resolution. Su^ ana- 
lytical studies are likely to be more use- 
ful if they take into account policy-mak- 
ers' perspectives, and policy-makers can 
benefit greatly from ready access to new 
ideas, a wider range of options, and 
deeper insights. 



Commitment to Science Education 

The rapid acceleration of technologi- 
cal and social change in recent decades 
sharply heightens the importance of our 
educational institutions. Indeed, during 
the past year we have experienced a sort 
of national rediscovery of education, 
particularly with reference to science 
and technology. Wc must address funda- 
mental challenges in education. 

1) How can we give all our children, 
regardless of social background, a good 
opportunity to participate in the modern 
technical world? In this time of high 
unemployment we must especially con- 
sider employment opportunity. 

2) What constitutes a decent mini- 
mum of hteracy in science and technolo- 
gy that should be part of everyone's 
educational heritage? 

3) Given the rapidity of sociotechnical 
change, how can we make lifelong learn- 
ing a reality so that people can adjust 
their knowledge and skills to new cir- 
cumstances? 

4) Since educational institutions will 
more than ever be trying to hit a moving 
target as they prepare people for unpre- 
dictable circumstances, how can we pre- 
pare for change itself? 

5) How can we enlarge that talent 
pool so that we can find promising peo- 
ple for science-based careers, regardless 
of their socioeconomic background? 

6) How can we broaden the spectrum 
of the sciences so that modern education 
will become increasingly informative 
with respect to the human experience? 

7) How can the educational system 
foster a scientific attitude that is useful in 
problem-solving throughout the society, 
in relating scientific principles to the 
major issues on which an informed citi- 
zenry must decide? 

8) How can we achieve an informed 
woHdwide perspective in an era of pro- 
found interdependence? 

The American dilemma in science edu- 
cation involves a remarkable paradox. 
We have the largest and probably the 
most respected scientific community in 
the world, yet cur precollegiate science 
education is at a low ebb. Is there a way 



to resolve this paradox creatively? 

We must seek mechanisms to link the 
science-rich sectors of our society and 
tile science-poor sectors— that is, con- 
nect the scientific talent of universities, 
colleges, corporate laboratories, and na- 
tional laboratories with the elementary 
and secondary schools, thereby 
strengthening national capability for 
broad education in the sciences: physi- 
cal, biological, and behavioral. 

The linkir^ of science-rich to science- 
poor sectors as partners is a mean^ to 
both teacher education and curriculum 
development. We can learn from the 
successes and failures of the curriculum 
reform movement that followed Sputnik. 
Improvements in education can flow 
from the collaboration of classroom 
teachers with subject matter experts (for 
example, in physics, chemistry, or biolo- 
gy) and also with scholars in the field of 
human cognition and learning. Such col- 
laborations could be an important step 
toward incorporating teachers of science 
into the scientific community. While ma- 
jor efforts must be made to improve the 
salaries of teachers, and especially those 
of science teachers, it is equally impor- 
tant to find ways to bolster respect for 
their profession and strengthen their mo- 
rale. Participation in the scientific com- 
munity would be helpful in this regard. 

Closer links of elementary and second- 
ary schools with colleges, universities, 
corporate laboratories, and government 
laboratories could include summer insti- 
tutes for teachers, Saturday activities for 
teachers throughout the school year, 
summer jobs in science for teachers, and 
the preparation of curricular materials. 
Leadership from different sectors of so- 
ciety will be necessary for the major 
upgiading that is required. The schools 
are central to the effort, but they alone 
do not have the resources or the clout to 
do the job. 



The Transformed World 

The rapid, pervasive, and truly un- 
precedented transformation resulting 
from science and technology is a central 
fact of our lives. It calls for the strength- 
ening of institutional capability for objec- 
tive, scholarly analysis of critical issues 
based on a broad foundation of knowl- 
edge and experience. 

Colleges and universities, academies, 
and free-standing institutes can mobilize 
a wide range of talent to address the 
great issues of our time in a sustained, 
fascinating, and effective way. They can 
give us a better chance to get the com- 
plex facts straight and to clarify the most 



promising options — all this in a way that 
is credible and even intelligible to non- 
specialists. Such efforts can be helpful to 
open-minded policy-makers, but also— 
and perhaps more importantly in the long 
run — to the education of a broadly in- 
formed public on the great issues of our 
time and the policy choices available to 
us. 

Surely the problems associated with 
the social and economic concomitants of 
technological change are not insuper- 
able. The opportunities provided by the 
advancing technology, if judiciously uti- 
lized, suggest that it is worth a lot of 
trouble and hard work to find ways to 
make a decent social adjustment. We 
will require broad, mui faceted analyti- 
cal work to understand more deeply 
what is going on and to anticipate insofar 
as possible the likely consequences of 
major technological trends. 

To deal effectively with real-world pol- 
icy problems requires novel conjunc- 
tions of knowledge and talent. Typically, 
many different facets of a complex issue 
must be taken into account. The great 
problems do not come in packages that 
fit the traditional disciplines or profes- 
sions, however excellent they may be. 
Organizations such as universities, sci- 
entific academies, and research insti- 
tutes czu make a greater contribution 
ihan they have in the past if they can 
organize effectively to share informa- 
tion, ideas, and technical abilities widely 
across traditional barriers and systems. 
Of course, most advances in knowledge 
require specialization. Yet for crucial 
social purposes these pieces must some- 
how be related to each other. 



A particularly valuable undertaking is 
the intelligible and credible synthesis of 
research related to important policy 
questions. What is the factual basis 
drawn from many sources that can pro- 
vide the underpinning for constructive 
options in the future? This is especially 
significant in view of the fact that perti- 
nent information is almost always widely 
scaliered. Moreover, it is very difficult 
for the nonexpert and sometimes even 
for the expert to assess the credibility of 
assertions on emotionally charged is- 
sues. In the current process of world 
transformation, such studies are needed 
to tackle vital and complex issues in an 
analytical rather than a polemical way. 

Whether it be toward avoiding nuclear 
war. strengthening education in the sci- 
ences, or fostering human resources in 
developing countries, there is a precious 
resource in the great scientific communi- 
ty of the United States — and its links to 
the worldwide scientific community — 
which can be brought to bear on these 
crucial problems. This involves activa- 
tion of a wide range of the sciences and 
an unusual degree of cooperation among 
them. Furthermore, it involves linking 
analytical work with education in a vari- 
ety of modes, for the general public must 
take an informed part in the decisions 
that affect all our futures. The scientific 
and scholarly community can deepen its 
contribution to pressing social concerns 
if it is informed and stimulated by those 
on the firing line, whether the latter be 
engaged in teaching poor children, strug- 
gling with policy dilemmas, or coping 
with international tensions. There can be 
a mutually beneficial interplay between 
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social concerns and basic inquiry. 



Conclusion 

There is little in our history as a spe- 
cies to prepare us for this hypermodem 
world that we have so rapidly made. The 
transformation of the worid will press us 
toward transformation of our institu- 
tions — to keep up with events, to under- 
stand below the surface, to look ahead 
and prepare, to enjoy the fascination of 
deep insights, to make wise use of tech- 
nology, to relieve poverty and disease, 
above all to resolve the deadliest of 
conflicts. In the historic effort to avoid 
unmitigated disaster and fulfill the poten- 
tial of our species, science can help 
profoundly and in novel ways. But to do 
so, the sciences must transcend their 
traditional boundaries and achieve an 
unprecedented level of mutual under* 
standing, innovation, and cooperation. 
These efforts will have to go across disci- 
plines, across sectors of societies, and 
across nations. 

Let us hope that fundamental values of 
freedom, curiosity, opportunity, diversi- 
ty, excelience, and human decency will 
guide our institutions as they evolve. 
These enduring values can make it possi- 
ble for us to cope with the great prob- 
lems of our time, to work steadily to- 
wards the humane uses of science and 
technology, and to take advantage of 
unprecedented opportunities that are 
emerging for the benefit of people every- 
where. 




Any discussion of cooperative endeav- 
ors between universities and industries 
inevitably focuses on the disparities be- 
tween the two. Universities operate un- 
der several basic principles: that their 
nrjifi^ry functions are to preserve exist- 




^nowledge and to seek and dissemi- 



nate new knowledge, that freedom is 
essential to inquiry, and that research 
and teaching are inseparable. For indus- 
tries, making a profit and providing use 
ful products and services are the primary 
functions, financial rewards are essentia)! 
for assuming risks, and the freedom 
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carry out or support all types of research 
is critical. Focusing on these differences 
has engendered mistrust and fostered 
misunderstandings between the two sec- 
tors (/). 

Many of society's needs could be met 
most effectively if universities and indus- 
tries joined their broad range of capabili- 
ties and facilities (2). Not only would 
society benefit from the fruits of cooper- 
ative research, but the private and aca- 
demic sectors themselves would stand to 
gain much if they capitalized on their 
differences and developed ways to rein- 
force their strengths. Universities need 
the financial support and the technical 
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know-how that industry can provide, 
whereas industry !ook« to the nation's 
universities for new talent, new ideas, 
and basic research facilities (i). The in* 
creasing complexity of product and pro* 
cess development has made it difficult 
for industrial laboratories to have the 
expertise needed to keep up with techno- 
logical and scientific advances {4). 

However, cooperative research rela- 
tionships require careful management 
(i). The key to their success lies in 
anticipating potential problems and de* 
veloping guidelines for averting them or 
dealing with them effectively if they oc- 
cur. The following are among the most 
critical guidelines for universities estab- 
lishing research relationships with indus- 
try. Although following them will not 
guarantee perfect interaction between 
the two types of organizations, it will 
promote the benefits of such interaction 
while limiting conflicts. 



Ten Management Guidelines 

Retain publication rights. This policy 
is based on the fundamental purpose of a 
univer5ity~to preserve and transmit ex- 
isting knowledge and to generate new 
knowledge. As the primary trustee of the 
world's knowledge, the university has an 
obligation to society; the ability to fulfill 
that obligation is dependent upon the 
university's freedom to publish. The 
Leedom to publish is critical not onl> to 
faculty but also tu students, for indus- 
tries often use publication as a criterion 
of research competence when evaluating 
students for employment (5). 

Industrial sponsors frequently have 
proprietary interests to protect, and they 
will ask to review proposed publications 
in order to ensure that proprietary infor- 
mation is not revealed to the public. This 
request creates a potential conflict with 
the university's need to publish research 
results. However, the conflict is easily 
resolved if the university agrees to keep 
confidential any proprietary information 
it acquires to conduct the research, and 
the industry agrees to publication of new 
research findings. 

The industrial sponsor has the right to 
review publications as well as the right to 
request tha any proprietary information 
be removed if it lias been included in a 
publication. This rigl t should in no way 
be regarded as veto power, however. 
The contract should stipulate that the 
sponsor's approval shall not be unrea- 
sonably withheld. If opinions differ as to 
whetner or not the company's rights 
have been violated, the two parties must 
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attempt to reconcile these differences. 
mxh the ultimate decision being left to 
the university. 

Publication may pose a problem in 
research interactions that generate in- 
ventions. The property rights to inven- 
tions are best protected by patents, but 
preparing patent applications is compli- 
cated and time consuming. Problems 
arise because publication of an invention 
prior to filing a U.S. patent application 
bars foreign filings, and U.S. applica- 
tions must be filed within a year of 
pubUcation. This issue can be resolved if 
the university agrees to delay publication 
for up to 6 months in order to give the 
sponsor time to file a patent application 
(6). 

A graduate thesis becomes a publica- 
tion as soon as it is placed on the shelf of 
a university library. If a thesis discloses 
patentable material, the publication di- 
lemma can be resolved by sequestering 
the document for no more than 1 year. 
This policy should require that the stu- 
dent, the faculty advisor, the department 
chair, the dean of the college, and the 
dean of the graduate school agree on the 
need to sequester; the company must 
supply satisfactory arguments to con- 
vince them of this need. 

Sequestering a thesis usually benefits 
the student, because at most universities 
inventors share the income derived from 
inventions. As industrial sponsors usual- 
ly have some rights to the research 
through licenses, most will be amenable 
to this solution. Under no circum- 
stances, however, should this policy re- 
sult in a degree being delayed, the thesis 
should merely be held out of circulation. 

Retain ow nership of all patents. Uni- 
versities have an obligation not only to 
disseminate knowledge through publica- 
tions but also to make a best effort to 
bring inventions to the marketplace. Al- 
though it is usually advantageous for 
companies to market their inventions, 
they may decide as part of a profit- 
motivated strategy that certam inven- 
tions should be withheld. The principal 
way for a university to prevent a compa- 
ny from withholding the products of a 
joint research program is to retain own- 
ership of all patents issued for faculty, 
staff, and student inventions. Property 
rights may be transferred from a univer- 
sity to an industrial sponsor by a license 
agreement, but that same agreement 
should provide the university with 
march-in rights if. after some cleariy 
defined period, the invention is not ex- 
ploited by the licensee. 

The details of a license, except for the 
above stipulation, should be left negotia- 
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ble; a license can be exclusive or nonex- 
clusive, royalty bearing or royalty-fiee, 
depending on the circumstances. Most 
universities prefer to grant nonexclusive 
licenses, but exclusive licenses arc fre- 
quently granted at the request of the 
industrial sponsor (7). For a royalty- 
bearing license, guaranteeing minimum 
royalties 2 or 3 years after licensing 
provides an incentive for commercializa- 
tion. This protects the inventor's rights 
as well as those of the institution, for 
most universities share a significant por- 
tion of the royalties with the researcher 
(5). 

The university's obligation to protect 
the inventor's rights means that royalty- 
free licenses should be granted only un- 
der exceptional circumstances, but in- 
dustries may feel that a royaliy-free li- 
cense is justified because they sup^^orted 
the work. How. then, does a university 
deal with a sponsor whose policy de- 
mands ownership of the patents from a 
sponsored research agreement? One 
possibility is for the university to request 
that a portion (at least 15 percent) of the 
research support be designated an unre- 
stricted research grant that can be used 
to reward the inventor. In all cases, 
patent ownership and distribution of roy- 
alty income should be stipulated prior to 
initiation of the research. 

Establish copyright policies for soft- 
ware. As computers have assumed an 
increasingly important role, academic in- 
stitutions have devoted substantial funds 
to purchase computer hardware and soft- 
ware, to hire new faculty and staff, and 
to house this equipment and personnel. 
These investments have generated a 
large amount of computer software rang- 
ing from personal programs of little value 
to anyone v^ther than their authors to 
general-interest programs of substantial 
academic and commercial value. As soft- 
ware technology continues to grow, 
copyrights will assume greater economic 
importance at universities (8). 

Software is usually developed under 
policies based on the traditional scholar- 
ly activities of faculty, particularly book 
authorship. Most universities offer facul- 
ty members complete ownership of all 
scholariy works protected by copyright 
(9). The university's contribution to such 
work typically comprises release time, 
secretarial support, supplies, and office 
facilities — all at little incremental cost to 
the institution. 

Nevertheless, because the creation of 
software entails significant use of univer- 
sity personnel, equipment, and funds, 
the university should claim some share 
in the benefits from its commercializa- 
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tion. Universities therefore need policies 
to piotect thcit lights ii) this area, but 
because the issue is relatively new» such 
policies now vary widely from one uni- 
versity to another. Some hold that the 
software belongs wholly to the institu- 
tion because it is a piece of technology 
produced with university equipment: 
others treat programs as literature and 
assign all rights to the author (9). 

One way to deal with this issue is for 
the university to set a threshold below 
which it has no inte»*est; that threshold is 
usually the point at which computer soft- 
ware becomes marketable. This elimi- 
nates most of the problem. For cases» 
where the software is commercialized, 
the university should not expect to re- 
coverall developmental costs; however, 
marketing expenses and legal fees should 
be recouped before any income is shared 
with the author. The university's patent 
policy can serve as a guide to the equita- 
ble apportionment of income; this policy 
usually allocates the greater portion of 
the income to the institution — a two-to- 
one ratio is typical. 

Minimize the use of proprietary infor- 
mation in research and do not require 
graduate students to sign confidentiality 
agreements. Most universities will not 
undertake confidential research for the 
federal government or for industry. The 
reason for this policy relates, again, to 
the fundamental purpose of a university. 
If research results cannot be published, 
the university has failed to fulfill part of 
its obligation to society. 

However, a university can accept pro- 
prietary information from an industrial 
sponsor if it is used to generate new 
knowledge that, in turn, is publishablc. 
Although receipt of this information is 
ni a problem in itself, the institution 
should minimize the amount of propri- 
etary information it accepts in order to 
avoid conflict when the new research 
results arc published. 

The university should stipulate that it 
will accept proprietary information only 
when it is in writing and designated as 
proprietary. The only individuals with 
authorized access to this information 
should be full-time faculty or staff, stu- 
dents should be insulated from this type 
of data. Industrial sponsors may require 
investigators to sign a confidentiality 
agreement prohibiting them from divulg- 
ing the information for a given period, 
often up to 5 years (5). Such an agree- 
ment is an unrealistic burden to place on 
a student who may soon be seeking 
employment in the same industrial sector 
as the sponsor. The education of stu 
dents is a primary function of the univcr- 
,"Sity, and students should be free to bring 



to their future employers all of the 
knovvledge they have gained. 

If the student must be exposed to 
proprietary information, the confidenti- 
ality agreement should be between the 
sponsor and the student. The university 
cannot be responsible for the enforce- 
ment of such an agreement, and this 
position should be clearly stated. 

Create research units \yith faculty and 
students, and hire full-time researchers 
to staff such units if necessary . Many of 
the most successful research relation- 
ships between universities and industries 
have resulted from universities creating 
research units devoted to specific prob- 
lems or areas. Often those research units 
are a response to an industry identifying 
a research need and recognizing that a 
given university has the expertise to do 
the work (10). These centers or institutes 
are staffed with faculty and students as 
well as a contingent of full-time, nonfac- 
ulty researchers, many with industrial 
backgrounds. The combination of facul- 
ty, students, and professional research- 
ers enables these centers to respond to 
industrial needs in a more timely fashion 
than is possible with the more traditional 
approach to research found at most uni- 
versities. 

These units do not operate as private 
consulting firms. They work in academ- 
ic-year cycles (that is. a minimum 1-year 
project duration), and — even more im- 
portant — they have a strong educational 
focus. Students associated with these 
centers as part of their academic training 
gain a great deal from such work: finan- 
cial stability for their research, commu- 
nication skills, job opportunities, and 
close interaction with industry, including 
contact with management, exposure to 
technical knowledge, and use of equip- 
ment and materials (//). 

The primary difference between a re- 
search center and a more conventional 
academic department is that productivity 
isenhaftccd by the full-time professional 
researchers. (An old adage seems partic- 
ulariy appropriate here, ten professors at 
one-tenth time do not a person-year 
make.} Moreover, a full-time researcher 
with industrial experience tends to pro- 
duce more inventions than the typical 
faculty member. This is not to suggest a 
qualitative difference between the work 
done by the professional researcher and 
that of the faculty member, but the in- 
dustrially trained individual can more 
readily recognize an invention. In fact, 
working with professional researchers 
frequently helps faculty identify inven- 
tions arising from their research results. 
These research units arc not only pro- 
ductive but also likely to attract industri- 
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al support because the availability of 
icsearchers with industrial experience 
enhances communication between the 
two sectors. 

Faculty should not be permitted to 
consult with sponsors in the sponsored 
resear*.h area. One of the perquisites of 
faculty at most research universities is 
the right to consult privately on a limited 
basis. Consulting enhances both the pro- 
fessional competence of the individual 
and the reputation of the institution (7), 
but faculty members must balance their 
outside consulting activities with their 
institutional responsibilities for teaching 
and research {12). A potential conflict 
may arise, for example, if faculty mem- 
bers are invited bj the sponsors of their 
university research to consult in the 
same specific research areas. Any know- 
how 01 patents arising from this work 
could ac-rue to the sponsor through the 
consulting agreement, whereas the work 
done on the sponsored research oroject 
through the institution was probably des- 
ignated university property in the institu- 
tional agreement or contract. 

The key factor in implementing this 
mie is to define cleariy the scope of the 
research being supported by the industry 
and allow the rule to apply only to that 
narrow area. This approach frees re- 
searchers to consult with industrial spon- 
sors in their general fields of expertise. 
Unfortunately, enforcement of this rule 
is virtually impossible; its success de- 
pends or the integrity of the researcher. 

A faculty entrepreneur s company 
sttould not be permitted to sponsor his or 
her research on campus^ This guideline 
arises from another recent development. 
In the past, faculty members consulted 
with outside firms, but few started their 
own companies. However, much aca- 
demic research is now easily and rapidly 
translated into products and processes 
with commercial value. In the area of 
biotecnnology alone, for example, more 
than 200 companies have been estab- 
lished within the last 4 years (9). 

Obviously new rules arc needed to 
deal with this situation. Implementing 
them requires first that entrepreneur be 
defined. If a company is wholly owned 
by a faculty member, then that individi ' 
IS clearly an entrepreneur. However, 
when the faculty member owns a per- 
centage of an outside company . some 
gauge IS needed to determine when that 
percentage is high enough to present a 
conflict of interest. While it is difficult to 
establish a firm rule for this situation, a 
geneni guideline is that more than 10 
percent ownership in a company consti- 
tutes an equity interest. 

Once faculty cntreprcneurship has 
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been established, the faculty member's 
on-campus responsibilities and olT-cam- 
pus venture must remain completely sep- 
arate US), Objectivity is difficult to 
achieve when a researcher has responsi- 
bilities both to the institution and to a 
venture in which he or she has a vested 
interest, yet objectivity is essential to the 
judgments needed for education and sci- 
entific research U4), 

The key issue is accountability: when 
the institution accepts a research grant, 
it accepts the responsibility for accom- 
plishing the work, and the sponsor ex- 
pects the project to be completed cor- 
rectly and on time. A researcher who is 
also a sponsor, however, becomes both 
judge and jury. He or she is hardly in an 
appropriate position to decide, for exam- 
ple, whether or not a late completion 
report is acceptable. The institution must 
deal with the sponsor in one way and the 
facuhy member in another: when they 
are one and the same, this becomes 
impossible. The faculty entrepreneur's 
company should, however, be allowed to 
sponsor other research on campus, even 
within his or her own department, be- 
cause this situation allows a clear separa- 
tion of roles. 

The extension of this prohibition 
against faculty sponsoring their own 
work is that a researcher's graduate stu- 
dents should not be employed by the 
researcher's company either. The reason 
is simple. Ideally, the choice of a gradu- 
ate student's research topic is a free one; 
in reality, however, the choice is often 
made after the faculty adviser has been 
consulted and the availability of funds 
considered. Even given these limita- 
tions, the student should still have some 
choice. However, that choice may be 
undernnined if the faculty entrepreneur's 
company is supporting the student's 
work: the research may be directed to- 
ward the specific goals and needs of the 
company. Moreover, the work may be 
accelerated to meet the company's 
schedule rather than the student's needs. 
These abuses may be rare, but guidelines 
are needed to prevent them from occur- 
ring. 

A corollary to this guideline is that 
faculty entrepreneurs should never be 
allowed to lease or use space in their 
university departments for private busi- 
ness. The resulting mixture of personnel 
and facilities can confuse colleagues, 
students, support staff, and outsiders in 
determining whether a given project is 
part of an institutional responsibility or a 
private business activity (7), 

Beware of internctional af^reements. 
A common mistake universities make in 
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drawing up international agreements lies 
ill assuming lhai ihe eiements of a suc- 
cessful domestic agreement can be ap- 
plied. A second error lies in assuming 
.hat experience with one foreign sponsor 
is applicable to another. Cultures vary so 
widely that experience with one country 
may help very little in making arrange- 
ments with another. Any guidelines or 
policies established by a university re- 
garding international agreements must 
therefore be sufficiently flexible to allow 
for case-by-case modifications. 

A major difference between domestic 
and international contracts is that the 
negotiation phase of the latter can often 
generate expenses that are substantial in 
proportion to the actual research sup- 
port. Aside from the staff commitment to 
these negotiations, legal fees both at 
home and abroad can mount up quickly. 
Unfortunately, recovering these negoti- 
ating and legal expenses is difficult. To 
be realistic, the university should double 
its estimate of the ex;.enses that will be 
incurred during the preproposal stage. 

Another problem is that tax-exempt 
U.S. institutions seldom have the same 
status overseas. Income derived from 
licenses on patents can be taxed by the 
f Teign licensee's government; as a re- 
sult, the net income from the licensed 
product or process can be considerably 
below the negotiated amount. 

Translation can present yet another 
problem with such arrangements. Most 
contractual documents and deliverables 
(completion reports, for example) are 
written in English, and the details as well 
as the overall spirit of these documents 
must be preserved when they are trans- 
lated into the sponsor's language. An 
attorney well versed in the spo»^'"or's 
language is almost essential. 

If. after considering all the risks of 
such an association, a university decides 
to enter into an international agreement, 
several suggestions can guide those in- 
volved in drawing up the contract. The 
most important is clarify the nature of 
the project immediately so that team and 
technical requirements, cost estimates, 
logistic support, and other relevant fac- 
tors can be specified. 

While the guidelines for an interna- 
tional agreement must be general enough 
to allow for variations in details from one 
case to another, the contract itseif 
should be as specific as possible. Provi- 
sion should be made for scope of the 
work, financing, salaries, medical bene- 
fits, language training, reports, publica- 
tions, patents, subcontracts, taxes, trav- 
el, transportation and storage of materi- 
als, equipment, training, termination, 
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and disputes. A complete and explicit 
coniract is the university s best antidote 
to disaster (75). 

Share personnel and equipment with 
industry. Although there is renewed in- 
terest in cooperation between universi- 
ties and industries, in fact, the two par- 
ties have always interchanged ideas and 
people. Many industrial employees have 
held adjunct appointments at universities 
just as faculty have often had formal 
consulting agreements with industries. 
More recently, however, arrangements 
have been made whereby a researcher's 
time is shared; the sharing need not be 
on a 50:50 basis, but a split less propor- 
tionate than 25:75 is probably unwise. 

Such arrangements have potential pit- 
falls. Industrial research usually pro- 
duces proprietary informatioii, whereas 
university work is expected to lead to 
publications. The question of patent or 
copyright ownership must be considered 
also, especially since many companies 
do not share income with authors and 
inventors as universities do. Another 
problem may arise from the industrial 
prohibition against consulting with an- 
other firm, contrasted with the rather 
liberal policies of most universities re- 
garding faculty consulting. A researcher 
working for both a university and an 
industry would probably be restricted to 
the combined salaries of the two posi- 
tions and not have the opportunity for 
extra compensation through consulting. 

However, the advantages of sharing 
outweigh the problems in most cases. 
Researchers in industry have access to 
excellent facilities and support staff, and 
they usually work with a group of re- 
searchers in a given area. The advan- 
tages of a university association are the 
stimulation derived from working with 
students and interacting with a more 
diverse group of colleagues {16}. 

Universities and industries can share 
not only personnel but also equipment. 
Sharing is particulariy beneficial with 
sophisticated research equipment that 
would be used infrequently by industry. 
In such a case, several companies can 
contribute to the purchase of the equip- 
ment, house it at a university, and sched- 
ule Its use. The major advantage to the 
university lies m having state-of-the-art 
equipment for faculty . students, and •>idiT 
to use when the sponsor is not using it. 
The university should offer industrial 
personnel access to the! equipment and 
make appropriate arrangements for li- 
ability protection. Cooperative ari:»nge- 
ments can help universities fill the needs 
created by declining federal support of 
equipment and facilities {17}. 
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Prepare a model research agreement 
for potential industrial sponsors. As in- 
dustry increases its support for research, 
the need for universities to develop mod- 
el agreements for potential industrial 
sponsors becomes more compelling. A 
university*s negotiating position is 
strengthened when it presents standard 
provisions to prospective clients early on 
(5)« All of the above guidelines should be 
incorporated into the model agreement. 

The university should also have a stan- 
dard international agreement. Although 
the needs, philosophies, and expecta- 
tions of foreign sponsors vary, a model 
agreement can still serve as a sound 
basis to begin negotiations for overseas 
work. 

The university's first contact with a 
potential industrial sponsor is often 
through the faculty researcher {18). Fac- 
ulty should therefore be familiar with 
these model agreements and present 
them early in discussions with potential 
sponsors. And, again, as n.'^ny details as 
possible should be stipulated in the 
agreement, whether it be with a domestic 
or a foreign sponsor, to circumvent prob- 
lems as the research association devel- 
ops. Although many clauses in such an 
agreement will be open to negotiation, 
having the framework of the agreement 
available from the beginning can avert 
misunderstandings. Another advantage 
is that a model agreement, although sub- 
ject to variation through negotiations, 
demonstrates to potential sponsors that 
the university approaches all sponsors 



with the same set of rules. 

Conclusion 

There is much to be gained from in- 
creased interaction between universities 
and industries, both for the institutions 
themselves and for society as a whole. 
Innovation cannot occur without basic 
research as input, and basic research 
that does not lead to technological inno- 
vation in the form of marketable prod- 
ucts and processes does little to better 
our quality of life. Too much emphasis 
has been placed on the dichotomy be- 
tween the **pure." basic research done 
at universities and the applied research 
considered the province of industry. 
Rapid growth in scientific advancement 
has blurred the line separating the two 
(/6). Increased interaction between uni- 
versities and industry is inevitable as the 
federal government contributes an ever 
smaller portion of the research dollar: 
such relationships may prove to be the 
best way to serve the needs of all in- 
volved, including the public (i). 

Many have expressed concern that 
universities are selling out by becoming 
so closely allied with industry {19). But 
cooperative research can threaten aca- 
demic freedom only if universities allow 
it to do so. If, instead, they monitor 
themselves closely, they can reap the 
rewards of. interaction with industry 
without sacrificing the principles that 
constitute their very foundation. But uni- 
versity research administrators should 



not view our guidelines as an exhaustive 
set. Many more will be added as faculty 
researchers, corporate sponsors, and 
university administrators gain new in- 
sights from their experiences. 
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**Being well-informed about science is not 
the same thing as understanding science.'* 
Therewith, James Bryant Conant discounted 
the popular interest in science roused by the 
thunderclap that ended World War II. Now 
as then, in a world transformed by the 
application of scientific knowledge* peopie 
put that knowledge in the same category with 
what they know by re\^! .oon or other re- 
ceived authority. What needs to be under- 
stood is how, scientifically, we come to 
know what we know. 



Scientists know nothing for certain. The 
advancement of science is a social process, a 
pubic process, and yet an intensely private 
one. Societies that would enjoy it^ material 
benefits must understand science m both its 
aspects. 

"The truth of an idea,'' William James per- 
ceived at the turn of this century* *'is not a 
stagnant property inherent in it. Truth hap- 
pens to an idea. . .[by] the process of. . .its 
verification." In the private process, the sci- 
entist mu.st face the singular loneliness of the 



sovereign He can accept no authonty but his 
own conscience and judgment. 

The work proceeds in ways very different 
from that suggested by its impersonality in 
formal publication. *The process \ want to 
call scientific," the physicist Perc> Bridg- 
man wrote, '*is a process that involves the 
continual apprehension of meaning. . .ac- 
companied by the running act of checking to 
be sure tliat I am doing what I want to do, 
and of judging correctness or incorrectness. 
This checking and judging and 
accepting. . are d»^ne by me and can be 
dohe for me by no one else. They are as 
private as my toothache, and without them 
science is dead." 

The intensity of this pnvate process — its 
toothache — is raised by the fact that it is in- 
tegrally public. It is intended for publication. 
Without publication, science is dead. 

Upon publication, verification of the work 
pr(Keeds. As the sociologist Robert Merton 
has observed, "Only after the originality and 
consequence of the work have been attested 
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by significant others can the scientist feci 
reasonably comfortable about it." Merton's 
term for this public process is '''Com* 
munism\ . . .The substantive findings of 
science are the product of social collabora- 
tion and are assigned to the com* 
munity. . . .The scientist's claim to 'his* in- 
tellectual 'property* is limited to that 
recognition and esteem which, if the institu- 
tion functions with a modicum of efficiency, 
are roughly commensurate with the signifi- 
cance of the increment brought to the com- 
mon fund of knowledge." 

The remarkable fact, established by the 
open public record of science, is that this 
social process functions with high efficien- 
cy. It is not that scientists are more dedi- 
cated, honest, and selfless than other citi- 
zens; they arc disciplined to behave that way 
by their collaboration. Error and fraud are 



exposed sooner rather than later by the com- 
munal process of verification. With equal 
reliability the consensus of the community 
distinguishes the significant from the trivial 
This is the more remarkable considering 
what Merton calls "the basic uncertainty of 
genuinely independent originality in sci- 
ence/' 

Thus Niels Bohr was once prompted to 
observe of a radical and baffling proposal by 
the aging Werner Heisenberg: '*Yes, it is 
crazy, but it is not crazy enough!" 

It has been said that science will flourish 
only in a society that cherishes its norms. 
The reason, openness, tolerance, and respect 
for the autonomy of the individual that dis- 
tinguish the social process of science, how- 
ever, are norms desirable in every human 
community. They describe a world in which, 
we can agree, all of us want to live. 



Happily, the social process of science 
brings along the means to realize its values. 
For it finds convincing verification in the 
technologies it begets. During the past four 
centuries science has been liberating increas- 
ing numbers, now nearly one-third, of man- 
kind from toil and want and even from sub- 
mission to received authority. No national 
constitution written in this century has failed 
to hold out the promise, at least, of political 
and economic democracy. The people of the 
world — if nations can keep the peace — may 
3ee this revolution in the condition of man 
fulfill its promise in the next century. — 
Excerpted from a public lecture given at 
Moscow State (Lomonsov) University, Mos- 
cow, U.S.S.R.,, on 25 November 1985, on 
the occasion of the conferral by the univer- 
sity of the degree Doctor Honoris Causa. 



The world is now, as it has been for a long 
time, awash in a sea of ethnocentrism, prej- 
udice, and violent conflict. The worldwide 
historical record is full of hateful and de- 
structive indulgences based on religious, ra- 
cial, and other distinctions — holy wars of 
one sort or another. Wliat is new is the de- 
structive power of our weaponry: nuclear, 
enhanced conventional, chemical, and 
biological. Moreover, the worldwide spread 
of technical capability, the miniaturization of 
weapons, the widely broadcast justifications 
for violence, and the upsurge of fanatical be- 
havior are occurring in ways that can readily 
provide the stuff of very deadly conflicts. To 
be blunt, we have a rapidly growing capacity 
to make life everywhere absolutely miser- 
able and disastrous. 

Centuries ago, it was common for military 
conquerors to put captives to the sword or to 
reduce them to slavery. By the end of the 
19th century, it was widely believed that we 
had achieved a sufficiently civilized status to 
make such horrors impossible. Yet the world 
since then has seen near extermination of 
peoples, massacres, and massive de- 



portations. We have learned and are continu- 
ing to learn how great the horrors can be 
when supposedly civilized nations set about 
destroying depreciated people. 

In a world full of hatred, repression, ter- 
rorism, small wars, and preparation for im- 
mense wars, human conflict is a subject that 
deserves the most careful and searching in- 
quiry. The stakes are now so high that there 
is an urgent need for cooperative engage- 
ment with these problems over a wide range 
of inquiry involving the physical , biological, 
behavioral, and social sciences. There is no 
royal road to truth, no single perspective that 
offers overriding promise. Just as the sources 
and manisfestations of human conflict are 
immensely varied, so too are there many 
useful approaches to understanding, prevent- 
ing, and resolving conflict. 

Conflict and its prevention or resolution 
have not been major subjects for scholarly 
inquiry until quite recently, and even now 
they attract only marginal interest in many of 
the world's great research institutions. 
Nevertheless, some interesting and useful 
work is being done, including research on 



biological evolution and mechanisms of 
aggressive behavior; deep inquiry into the 
origin and resolution of past conflicts and 
study of contemporary conflicts; formulation 
of fundamental concepts pertinent to a wide 
range of conflicts; experimental research on 
simulated conflicts; the study of negotia- 
tions, both in real-life circumstances and in 
simulated ones; the study of various inter- 
group and international institutions as they 
affect conflict; research specifically focusing 
on issues of war and peace; and the study of 
conflicts at various levels of organization, 
such as families, communities, and nations, 
in the search for common factors and princi- 
ples, so that discoveries at one level may 
illuminate issues at another level. The 
strengthening of both experimental and 
observational research, keeping in mind 
actual conflict and real-world decision- 
makers, could probably lead to major contri- 
butions in the next decade. 

It is certainly not beyond human mgenuity 
to move this subject higher on the world's 
agenda. Strong organizations covering wide 
sectors of science, technology, and educa- 
tion can take a more active role in coping 
with this critical issue. The scientific com- 
munity IS the closest approximation we now 
have to a truly international community, 
sharing certain fundamental interests, val- 
ues, and standards as well as certain basic 
curiosities about the nature of matter, life, 
behavior, and the universe. The shared quest 
for understanding is one that knows no 
national boundaries, no inherent prejudices, 
no necessary ethnocentrism, and no bamers 
to the free play of information and ideas. To 
some extent, the scientific community can 
provide a model for human -slations that 
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might transcend some of the barriers that 
have long plagued us and have now become 
so dangerous. 

In a fundamental way, the modem world 
is the creation of science and lechnulugy in 



all of its aspects — those we relish and those 
we fear. Thv time is npe for the scientific 
rommanity to provide worldwide leadership 
in addressing the ubiquity of prejudice, the 
profound and pcrvasi7e impact of 



ethnocentrism, and the greatly enhanced 
risks of these ancient orientations in the 
rapidly changing world of the late 20th cen- 
tury. 



The internal mechanisms by which scientists validate each 
other*s research results have been of little public interest until 
recently. But when charges of fraud, falsification, and plagiar- 
ism are headlined in the morning newspaper, it is clear that these 
quality control mechanisms are no longer strictly internal matters. 

Increased govemnient scrutiny of the means by which scientists 
check their work can be expected when public funds have underwrit- 
ten research that has been called into question. Congressional com- 
mittees have criticized the early responses by government agencies 
investigating allegations of wrongdoing by publicly funded research- 
ers. Efforts are currently under way to assure honesty and integrity in 
research by defining and strengthening the norms that govern pro- 
fessional conduct in science. 

Whether recent highly publicized reports of fraud demonstrate that 
misconduct has significantly increased within the scientific establish- 
ment is difficult to deter'^'ne. Even if hundreds of cases were 
documented, these would still represent only a small fraction of the 
total research currently underway. Moreover, many officials fear that 
bureaucratic overreaction to selected incidents of fraud could cause 
greater damage to productive research than the harm resulting from 
undetected deceit. 

In any case, most research institutions lack formal mechanisms for 
identifying and correcting deceptive or sloppy science Standard peer 
review practices are not designed to identify fraudulent research, and 
it is unlikely that collaborators would report suspicions about a 
colleague if an institution lacks procedures to provide a fair and 
impartial investigation of the matter. 

Following the early reports of individual cases of fraud in science, 
William J. Broad prepared an in-depth examination of the signifi- 
cance of scientifiL fiaud. He concludes that the fact-checking mech- 
anisms in science do not work effectively. The reputations of in- 



dividual investigators, he reports, may shield their work from appro- 
priate scrutiny by skeptical colleagues. His article prompted letters 
from Edith D. Neimark, Harold Hillman, Carvel Blair, and George 
A. Silver presenting different views about the meaning of misconduct 
in research practice. While some maintain that scientists have tradi- 
tionally demonstrated high ethical standards in their professional 
woilc, others argue that more forceful monitoring is necessary. As an 
antidote to misconduct, DeWitt Stetten, Jr., suggests tighter supervi- 
sion within smaller research training groups. 

More recently. Science editor Daniel E. Koshland, Jr., comments 
that fraud is an unwelcome but inevitable part of the research process 
"as long as human beings are doing the experiments.'' He believes, 
however, that "99.9999 percent of reports are accurate and truthfuP 
in science, and that the cumulative nature of science makes it more 
likely that deceit will be uncovered more quickly than in other 
professions. Raymond R. White, and Michael R. Rosen and Brian F. 
Hoffman respond with more skepticism. Their letters claim both that 
a greater amount of research may be in error than has been previously 
reported and that proposed governmental regulations unfairly shield 
those who accuse others of wrongdoing. 

Wherever the truth lies, the recent preoccupation with fraud and 
misconduct in science has contn'iuted to a "let's clean up our act" 
attitude and a desire to restore integrity in the house of science. The 
emphasis on responsibility in science has shifted from earlier social 
reform efforts to a more centrist position emphasizing honesty and 
truthfulness in science. The health sciences in particular are attempt- 
ing to define scientists' rights and duties in a time of rapid change. 
These issues are examined again in the next chapter as authors search 
for new principles of autonomy and accountability to shape the 
development and application of medical knowledge in the latter half 
of the twentieth century. —RC 
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There is little doubt that a dark side of 
science has emerged dr Ag the past de- 
cade. In ever<increasing detail, the scien- 
tific and general press have reported the 
pirating of papers and the falsification of 
data. Four major cases of cheating in 
biomedical research came to light in 1980 
alone, with some observers in the lay 
press calling it a ** crime wave.'* Federal 
investigators say two of these cases may 
end in criminal charges. 

In a profession that places an unusual 
premium on honesty, the emergence of 
fraud has created something of a stir. 
Scientific societies are holding symposia 
on the subject. The National Institutes of 
Health has taken administrative steps to 
cope with the putative rise in cheating. 
And Congress, as it does with issues 
significant or otherwise, is preparing to 
hold hearings* on the falsification of data 
in biomedical research. 

Is the issue important? After all, re- 
ported cases of cheating are few, and 
NIH funnels government funds into 
nearly 18,000 extramural projects. 5(7- 
ence recently put the question to a dozen 
research directors, NIH officials, bench 
scientists, and sociologists. One recur- 
ring observation was that fraud has al- 
ways been around, but not always adver- 
tised. A Nobel laureate, for example, 
was said to have coauthored a paper in 
the early I960's that was retracted due to 
the cheating of a junior associate. The 
unseemly details of the Nobel retraction 
never went out of the lab, and therein, 
say some observers, lies one diflference 
between the finagling of yesterday and 
today. Changes in comtemporary sci- 
ence and its interactions with society are 
making fraud in the labs more visible. 



*The House Science and Technology subcommittee 
on investigations and oversight, chaired by Albert 
Gore (D-Tenn.). will hold heanngs on 31 March and 
I April, as this i^sue of ScteriKi^ is going to press 
Testifying will be Donald Fredrickson (NIH). Philip 
Handler (National Academy of Sciences). LeRoy 
Walters (Kennedy Institute of Ethics at Georgetown 
University), Philip Felig (Yale). John Long (former- 
ly of Massachusetts General Hospital). Ronald La- 
mont-Havers (Mass General). Patncia Woolf 
(Princeton), Stuart Nightingale (Food and Drug Ad- 
ministration), Alexander Capron (President's Com- 
mission for the Study of Ethical Problems in Medi- 
cine and Biomedical and Behavioral Research), and 
4J iam Raub (NIH). 
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• John Long, a researcher with 
$750,000 in federal funds at Massachu- 
setts General Hospital, forged data and 
for 7 years watched over a cell line for 
the study of Hodgkin's disease that 
proved useless (5ci>/ic-^, 6 March I98I). 

• Vijay Soman, a researcher at Yale 
medical school, plagiarized a rival's pa- 
per, fabricated data, and received for 
1980 alone some $100,000 in NIH sup- 
port. Eleven papers were retracted. He 
ultimately returned to his home in India, 
but left his coauthor and bos«^, Philip 
Felig, ir administrative and ethical 
tangle [Science, 3 October 1980). 

• Elias A. K. Alsabti, a young re- 
searcher from Jordan, pirated almost 
word-for-word at least seven papers and 
published them in obscure journals. 
{Science. 27 June 1980). 

• Marc Straus, a Boston University 
researcher who in 3 years was awarded 
nearly $1 million in cancer research 
grants, submitted reports containing re- 
peated falsifications. He resigned under 
fire, insisting that he was the victim of a 
conspiracy by select members of his 20- 
person staff. More than 2 years later, 
after the Boston Globe ran a five-part 
series on the affair, the National Cancer 
Institute initiated an investigation. 

In response to these and a few other 
incidents. Congress has invited two wit- 
nesses to the falsification drama. Long 
and Felig, to come and give their views 
on what, if anything, is happening to 
U.S. biomedical research. Also invited 
are a bevy of NIH officials, research 
directors, and bioethicists. Cheating is 
also being discussed during symposia at 
the upcoming annual meeting of the 
Council of Biology Editors. Meanwhile, 
at the Harvard School of Public Health, 
the seventh national conference on Pub- 
lic Responsibility in Medicine and Re- 
search just held a session on **How to 
detect and prevent fraudulent or unethi- 
cal research/* 

Until recently, charges or even discus- 
sions of scientific fraud were seldom 
aired in public. Most scientists, con- 
scious of their image and eager to avoid 
political interference, tried to stay out of 



the limelight. Control was an internal 
matter. An informal group of scientists 
could hold court and decide to ban an 
offender from the realm of research. 
More fundamentally, science was said to 
be self-correcting. If an experiment was 
important enough, other scientists would 
try to repeat it. This self-correcting 
mechanism would expose cheating and 
encourage honesty. It would detect and 
deter. Dubbed **organized skepticism," 
this view was ongmally set forth by 
Robert K. Merton, the father of the 
sociology of science. '^Scientific inqui- 
ry,'' he wrote, **is in effect subject to 
rigorous policing, to a degree perhaps 
unparalleled in any other field of human 
activity." Initially propounded in 1942, 
this view has become the conventional 
wisdom. Donald Fredrickson, director of 
NIH, today puts t this way. "We delib- 
erately have a very small police force 
because we know that poor currency will 
automatically be discovered and cast 
out." 

A sterling example of such self-correc- 
tion comes from the case of the Nobel 
retraction. The incident unfolded at Yale 
in the late !950's, with the arrival of a 
young graduate student in biochemistry. 
Working in the lab of Melvin Simpson, 
the student quickly made significant 
gains in the cell-free synthesis of cyto- 
chrome c, a key protein in cellular ener- 
gy-releasing reactions. In eariy 1960, 
Simpson and the student coauthored a 
paper on the successful experiments that 
received wide attention because it was 
the first time such a single, highly puri- 
fied protein has been synthesized outside 
a cell. The success carried the student, 
now equipped with a Ph.D. from Yale, to 
the lab of Fritz Lipmann at Rockefeller 
University, where he coauthored a paper 
with the Nobel laureate. The promising 
career, however, soon suffered a set- 
back. 

Simpson, back at Yale in late I960 
after spending several months on sabbat- 
ical in England, reassembled his lab and 
started trying to extend the successful 
experiments with cytochrome c. His ef- 
forts met with failure. "I had gone all 
around Europe giving seminars on our 
success," he recalls. "And now I 
couldn't repeat it. Imagine the agony." 
A call from Lipmann at Rockefeller re- 
vealed that people in his lab were also 
having difficulty repeating the student's 
work. The student was called back to 
Yale and told to duplicate the cyto- 
chrome c experiment. He worked under 
around-the-clock supervision, and 
failed. He was subsequently told to leave 
research in general. Two retractions, one 
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from Simpson and one from Lipmann*s 
lab, were published in late Some- 
time later it was discovered that the 
studcnt*s undergraduate college in Mas- 
sachusetts had no record of hh ever 
receiving a degree. 

Since that time, revelations of cheat- 
ing — ^butnot necessarily cheating itself— - 
seem to have slowly but steadily in- 
creased. The cause? According to Rob- 
ert H. Ebcrt, former dean of the Harvard 
medical school, part of the reason may 
be increasing pressure. Writing in the 
New York Times about the fabrication of 
data by John Long at Mass General, 
Ebert said '*it would be a mistake to 
consider this an example of human frail- 
ty and nothing more. Medical schools 
and academic research centers have in- 
advertently fostered a spirit of intense, 
often fierce competition, which begins 
during the premedical experience and is 
encouraged thereafter. . . . There is in- 
tense pressure to publish, not only to 
obtain research grant renewals but in 
order to qualify for promotion." 

The implication in this account of a 
rise in cheating itself is dismissed in 
many quarters. Pressure, say a chorus of 
commenters, has always been around. 
Moreover, many hold that the rate of 
finagling has remained rcughly the same 
throughout the years, and cite the pur- 
ported cooking of data by Mendel, New- 
ton, and Ptolemy to back up their beliefs. 

A radical view of the ubiquity of fraud 
comes from philosopher of science Paul 
Feyerabend {Science, 2 November 
1979), who holds that small-scale cheat- 
ing is essential to the advancement of 
science. He argues that no theory, no 
matter how good, ever agrees with all the 
facts in its domain. A scientist must 
therefore rhetorically nudge certain facts 
out of the picture, defuse them with an 
ad hoc hypothesis, or just plain ignore 
them. A similar but less polemical view 
is expressed by philosopher Thomas S. 
Kuhn (Science, 8 July 1977). Kuhn di- 
vides the history of science into periods 
of normal and revolutionary activity, ar- 
guing that during normal periods, anom- 
alies observed by the scientist must be 
suppressed or ignored. 

If finagling of one sort or another is 
endemic, what then causes increased ex- 
posure? Here it is necessary to make a 
distinction: exposure of fraud to other 
scientists and exposure to the public. 

In the first instance, one mechanism 
that may bring cases of cheating out in 
the open is the denunciation of scientists 
by one another due to cutbacks in re- 
search funding, according to Ronald La- 
id 
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mont-Havers, a former NIH official who 
witnessed the Long affair from his posi- 
tion as director of research at \iass Gen- 
eral. If this is indeed the case, troubled 
times may lie ahead. Since 1979, NIH 
has had a drop in purchasing power, and 
this year the percent of approved grants 
lucky enough to get funded has dropped 
to 30— an all-time low. 

The increasingly close scrutiny of re- 
search that has direct implications for 
public policy or public health is aho a 
factor in inter-scientist exposure, ac- 
cording to Columbia University sociolo- 
gist Harriet Zuckerman. This clearly 
seems to be the case in the Straus affair 
at Boston University. Data from about 
200 patients studied by Straus and his 
team were kept in the computer files of 
the Eastern Cooperative Oncology 
Group, a 40-hospital consortium funded 
by the National Cancer Institute to con- 
duct large-scale testing of new cancer 
treatments. In 1978, five members of 
Strauses team disclosed to officials at 
Boston University problems with the 
data. Falsifications ranged from chang- 
ing a patient's birthdate to reporting 
treatments and laboratory studies that 
were never done and inventing a tumor 
in a patient who had none. Boston Uni- 
versity says a detailed study of medical 
records found no evidence of patient 
mistreatment or inappropriate care. Dis- 
agreeing with this view is a Food and 
Drug Administration official familiar 
with an ongoing investigation of the 
Straus affair: **To say the least, some of 
this had serious clinical implications, 
both in the sense that the patient in the 
study was endangered, and that data 
generated would present conclusions 
that were pooHy founded." 

Concerning exposure to the public, 
one factor repeatedly singled out is the 
growth of a vigorous scientific press. 
Indeed, the National Association of Sci- 
ence Writers, founded in 1934 by 15 
reporters, now has more than 1000 mem- 
bers. And cleariy, the NCI investigation 
of the Straus affair would never have 
materialized had it not been for the series 
in the Globe. Some observers, however, 
suggest that the press for the most part 
tends to purvey, rather than initiate, 
exposures. 

A general rise in social consciousness 
among scientists may account for some 
of the increasing public exposure, ac- 
cording to E. Frederick Wheelock, a mi- 
crobiologist at Jefferson Medical College 
in Philadelphia whose work was pirated 
by Jordanian researcher Alsabti. *'In the 
past,*' he says, "the system was much 



more closed. People were afraid to call 
attention to cheating." In his own case, 
Wheelock at first hesitated to charge 
Alsabti with piracy. Wheelock had 
kicked Alsabti out of his lab after two 
young researchers came to him with 
proof that Alsabti was making up data. 
Later, when Wheelock saw his work 
being published in the scientific litera- 
ture by Alsabti, he discussed the prob- 
lem with his program manager at the 
^iational Cancer ■nstttUte, who suggest- 
ed that he alert the wider community. 
After first writing to Alsabti and de- 
manding retractions (that did not materi- 
alize), Wheelock wrote letters to Nature, 
Science, Lancet, and the Journal of the 
American Medical Association and de- 
scribed ways for researchers to **avoid 
such episodes in the future.** 

The list of possible reasons for in- 
creasing exposure rambles on, most ev- 
eryone having their own pet specula- 
tions. Lurking in the record of events, 
however, is an intriguing contradiction. 
A review of the cases where cheating has 
come to light during the past decade 
shows that the failure to duplicate ex- 
periments plays a relatively minor role in 
uncovering fraud. This self-correcting 
mechanism ** worked** in earlier epi- 
sodes: in the cases of Mendel, Newton, 
and Ptolemy (though it took two millen- 
nia), or in the case of the Nobel retrac- 
tion. During the past decade, however, 
other means have predominated, the 
mechanism often being the detective 
work of young lab assistants or young 
scientific rivals who have extra-experi- 
mental evidence of cheating, who have 
some independent reason for suspicion. 
This was the case in all four of the 1980 
fraud episodes. It was also the case with 
the Sloan-Kettering affair and the paint- 
ed mouse of William Summeriin (5ci- 
ence, 14 June 1974), although Summer- 
lin*s work was also under fire because it 
could not at the time be repeated. 

This gap between real and ideal ways 
of detecting and preventing fraud (what 
sociologists of science euphemistically 
refer to as the *' social control of sci- 
ence**) has helped fuel a heated critique* 
of the conventional wisdom during the 
past decade. 

On the deterrence side of the debate, 
critics have argued that the self-correct- 
ing mechanism does not distinguish be- 
tween error and fraud. In the published 
literature, an experiment is only found 



*For a summary, see J. Gaston. "Disputes and 
deviant views about the ethos of science" in The 
Reward SvMem in British and American Science. 
(John Wiley and Sons. 1978). pp 158-184. 
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right or wrong. Given the ever-present 
academic pressure to succeed in a spec- 
tacular way, this chance of being found 
wrong may not deter a researcher from 
cheating. After ail, guesses, fudging, and 
unconscious finagling that are correct go 
undetected. 

Defenders of the conventional wisdom 
say that this weakness, by definition, 
docs not make any difference. The only 
thing that matters is the accumulation of 
scientific "truth/*, and not whether a 
falsifying researcher is caughi and 
punished. 

It is here, on the detection side of the 
debate, that critics rail most vehemently. 
The acceptance or rejection of claims in 
science often depends not so much on 
**truth,** according to such observers as 
philosopher Ian I. Mitroff at the Univer- 
sity of Pittsburgh, but on who makes the 
claim and how well the claim fits prevail- 
ing beliefs. In short, the goodness of a 
reputation or the attractiveness of a the- 
ory often gives immunity from scrutiny. 

This circumvention of the idealized 
mode of detection was probably a factor 
in why the problems with John Long's 
contaminated cell lines at Mass General 
escaped detection for so many years. He 
worked in a prestigious lab at one of the 
woiid*s leading teaching hospitals. 
**With the credentials of background and 
training that Long presented, the study 
section would expect that he would be 
aware of this (contamination] problem,** 
says Stephen Schiaffino of the NIH divi- 
sion of research grants. 

Immunity from scrutiny was also 
clearly a factor in the case of Cyril Burt 
(Science. 26 November 1976), the En- 
glish psychologist whose studies of iden- 
tical twins supported his theory that in- 
telligence is determined partly by hered- 
ity, and whose work went unchallenged 
during his lifetime. As a government 
adviser in Britain in the I930*s and 
1940*s, Burt was influential in setting up 
a school system in wnich children were 
assigned to one of three educational lev- 
els on the basis of a test given at the age 
of 1 1. Accoiding to Leon Kamin, a psy- 
chologist at Princeton, Burt's data re- 
mained unchallenged for so long because 
they confirmed what everyone wanted to 
believe. ** Every professor knew that his 
child was brighter than the ditchdigger*s 
child,** he says, **so what was there to 
challenge?** 

Burt*s work was picked up by re- 
searchers in the United States, and fig- 
ured prominently in the debates over 
whether heredity might underiie racial 
differences on IQ scores. Eventually, 
after a reign of nearly 40 years, his data 
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were found to be riddled with internal 
implausibilities and basic methodological 
oversights. Some researchers concluded 
that Burt may have doctored or even 
invented his collection of !Q data. 

Critics for the most part do not argoe 
that the conventional wisdom is wrong, 
but rather, taken alone, it is inadequate 
to explain how science really works on a 
day-to-day basis. Perhaps the most trou- 
bling observation is that even when the 
self-correcting mechanism works, it ad- 
dresscb only experiments and observa- 
tions that are "important** to pure sci- 
ence, to the accumulation of scientific 
truth. No one, after all* takes much time 
to repeat clinical trials of new drugs, 
therapies, or treatments. Replication of a 
muhi-institutional clinical trial, such as 
the one at Boston University that Straus 
worked with, is financially and structur- 
ally impossible. In terms of the self- 
correcting mechanism, these are not ap- 
plicable areas of research, although they 
may be important in terms of patient 
welfare. 

Just as there was no scientific or insti- 
tutional mechanism to detect or deal 
with fraud in the Straus affair, neither 
was there a federal mechanism. When 
three top officials at Boston University 
medical center flew to Washington to tell 
the NCI director about their rapidly un- 
folding problems, NCI told them there 
was nothing the government could do. 

The slow response of the federal bu- 
reaucracy, the questioning of the self- 
correcting mechanism, and the emer- 
gence of a few graphic examples of fraud 
have combined to stir considerable activ- 
ity concerning data abuse. At Boston 
University, the multi-hospital group that 
got stuck with the project*s bad data has 
set up a system of random audits to 
ensure that the program will never again 
be vulnerable to such falsification. 
Congress is in the process of holding 
hearings. The President*s commission on 
bioethics plans to hold a number of 
sessions at **sites of controversy involv- 
ing the conduct of research.** 

Confronted with the increasing reports 
of fraud-related incidents, NIH recently 
took steps to prevent abuse in the future. 
In November 1980, debarment regula- 
tions went into effect that allow the gov- 
ernment to cut off an entire institution 
from NIH grants if just one researcher is 
ca jght misusing grant money or falsify- 
ing reports (Science. 14 November 1980, 
p. 746). This sweeping mechanism was 
needed, says NIH associate director 
William Raub, in order to put the onus 
for prevention and detection of fraud on 
the institution. Previously, institutions 
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mi^ht have been tempted to look away. 
Ovisr the years, the administrative costs 
charged by universities for nurturing the 
research enterprise have risen so that 
they now average more than 27 percent 
of a grant. 

No person or institution has yet been 
debarred, and NIH officials say they 
have no plans to make debarment retro- 
active. If it were, all of Yale University, 
for example, could well be cut off from 
the federal research-dollar pipeline. In 
addition to the threat of debarment, NIH 
officials say they have now built into 
their vast computer network an alert 
system so that NIH administrators are 
warned if an investigator applying for a 
new grant is himself under investigation 
for cheating. Flagged so far by this sys- 
tem are Straus, Soman, and a third, 
unidentified researcher who is currently 
under investigation. 

Is it important? Perhaps the emerging 
issue of fraud represents a small, seamy 
side of science that warrants nothing 
XiXOTC than a cursory glance before being 
tossed onto the pile of passed-over is- 
sues. One might argue that the major 
cases are few, and the minor ones arc 
just that, minor. Science is above it all. 
Nobel Prizes are awarded and greatness 
is measured not on the basis of "hones- 
ty,** but insight. Newton and Mendel 
may have finagled, but their theories are 
today committed to memory by every 
high school student. 

In a sense, all this is correct. It is also 
true that fraud in the literature wastes 
the time and money of researchers who 
pursue leads only to find them wrong. 
Simpson spent I yei»r untangling the cy- 
tochrome ( mess. and. because of this 
unanticipated chore, lost a priority battle 
in a dilferent area of biochemistry. Simi- 
lar amounts of time are probably wasted 
in other fabrication episodes. Further, in 
a profession where "organized skepti- 
cism" is meant to be the rule, the emer- 
gence of ;i type of fraud not detected by 
this self-correcting mechanism may 
prove especially corrosive to community 
ideas. This mechanism did not and could 
not deter data fabricators at Boston Uni- 
versity, with the result that patient safety 
was probably jeopardized. And the fact 
that immunity from scrutiny often seems 
to supersede any kind of "organized 
skepticism ' can only lead to the discour- 
agement of the young, who tend to be far 
from immune. In the case of the imbro- 
glio at Yale, it was a 29-year.old NIH 
researcher who brought charges against 
Soman, an assistant professor, and Fe- 
lig, a professor with an endowed chair. 
"I just found it hard to believe that Felig 



129 



had engaged in any hanky panky/* said 
an appointed NIH auditor who* after a 
wait of 6 months, decided not to investi- 
gate the data of Soman and Felig. During 
this noninvcstigation, the young re* 
searcher quit NIH and research in 
general. 

No matter why they come forth, the 



recent cases illuminate much. They 
disclose a gap between the idea! and the 
real, between reliance on automatic self- 
policing and the fact that mechanisms 
such as immunity from scrutiny often 
prevail. They hint at support of philo- 
sophical views that say finagling of one 
sort or another may be endemic to the 



research enterprise. Perhaps further 
study of the dark side will disclose mo*'e 
about the structure of science. At the 
very least, the recent cases illustrate that 
**organi7.ed skepticism*' and the self- 
policing nature of science need 
themselves be taken with a little more 
skepticism. 
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Frauds Science, and Safeguards 

The article by William J. Broad on 
fraud and the structure of science (News 
and Comment, 10 Apr., p. 137) was 
timely but perhaps a bit too bearish on 
the current state of morality in research. 
Any deliberate fudging of the data for 
personal aggrandizement is to be de- 
plored whenever it occurs; however, giv- 
en the huge increases in the number of 
persons doing research, I do net think 
that the relative frequency of instances 
of fraud has increased. My guess would 
be that the safeguard mechanisms are 
working adequately and that the relative 
frequency is. if anything, lower Xh^-n in 
earlier periods. It would, of course, be 
good to have accurate data. 

A corrective perspective is to view 
fraud in science in the context of fraud in 
other areas of endeavor, especially com- 
merce and the professions. When placed 
in the conte t of escalating malpractice 
suits and th^ clamor for consumer pro- 
tection agencies and legislation, and the 
sorts of incidents that have produced 
these trends, one must conclude that 
scientists have managed to maintain high 
ethical standards in a society where per- 
sonal integrity as a cherished virtue is 
rapidly disappearing. It is to be hoped 
that the response of the scientific com- 
munity to lapses of honor among re- 
searchers can serve as a model and an 
inspiration for other areas of endeavor to 
**clean up their act.*' It is easy to lose 
perspective when one focuses exclusive- 
ly on individual acts of fraud and to come 
up with recommendations for corrective 
measures which may not, in fact, be 
needed or useful. If something "ain't 



broke,** don*i fix it. It is not clear that 
the standards of scientists need fixing 
beyond regular maintenance. 

Edith D. Neimark 
Department of PsychoUff^y, Douf^lass 
Collefic RiUiiers. State University of 
New Jersey, New [(runswick 08903 
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Research Practices 

The article by William J. Broad on 
fraud and the structure of scicnvc (News 
and Comment, 10 Apr., p. 137) and the 
subsequent letter from Edith D. Neimark 
(22 May, p. 873) raise moral questions. I 
would like to mention other, more com- 
mon practices. 

1) Collaborators or supervisors put 
their names on manuscripts (and thus 
assume intellectual responsibility for 
them) reporting research work which 
they themselves have not done and 
which they have discussed inadequately 
or not at all with the workers who carried 

2) Research workers do not submit for 
publication single experiments or series 
of experiments which do not fit in with 
their hypotheses. 

3) Scientists fail to do rclevan nicial 
experiments which they thcn;e^H ^ave 
identified, or to which their atten' t has 
been drawn. 

4) Authors deliberately fail to cite oth- 
er authors whose work predates or con- 
tradicts their own. 

5) Referees fail to read sufficiently 
carefully manuscripts of papers, book, 
or theses, thus missing findings or desid- 
erata which are crucial to the validity of 
potential publications. 

These widespread practices have a 
considerably greater impact on knowl- 
edge than the relatively rare acts of 
fraud. 

Harold Hillman 

Unity Laboratory, 
Department of Human Biology and 
Health, University of Surrey, 
Guildford, Surrey GU2 5XH, England 

1 oe: 
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Fraud Investigaticn 

Scientists are quick to demand aca- 
demic and scientific freedom, as in con- 
demning Admiral Inman*s suggestions 
for classification of certain cryptograph- 
ic research (News and Comment. 22 
Jan., p. 383). Yet one result of unbridled 
freedom was the academic cover-up of a 
recent alleged biomedical fraud. Scien- 
tists in a democracy should temper their 
love of individual freedom with recogni- 
tion and acceptance of their unique re- 
sponsibilities toward their country and 
their fellow citizens. As Thomas Paine 
observed in a diflferent but no less perti- 
nent context, "Those who expect to reap 
the blessing of freedom must, like men. 
undergo the fatigue of supporting it.** 

Carvel Blau 
Department of Oceanography, 
Old Dominion University, 
Norfolk, Virginia 23506 
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Recent allegations of fraud, fabrica- 
tion, and plagiarism among investigators 
in the biomedical community raise a dis- 
turbing question about biomedical re- 
search practices: Is it in the nature of the 
associaiion bclwccn biomedical research 
and medical education that one may seek 
the source of the apparent increase in 
u.icthical practices? 

While the incidents have been well 
covered in Science's News and Com- 
ment columns and the reporters deserve 
prai t for their careful and comprehen- 
sive presentations^ it is important to re- 
member that they are subject to the 
constraints imposed by t'lc protective 
codes observed by the scientists provid- 
ing the information — codes, incidentally, 
observed with equal force in the official 
reports submitted by these same scien- 
tists. The *'courtesy** displayed toward 
colleagues, while not deceitful, is surely 
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self-serving. The biomedical research 
community may not be any less honor* 
able than other professional groups — nor 
any more so. Shaw (/) noted that every 
profession was a conspiracy against the 
laity. The appearance of fuji disclosure 
may be there, but one can be sure there 
will always be a bit of suppressio vert 
and/or suggcsth falsi 

As a consequence, I believe that a full 
and forthright examination of these prob- 
lems in all their complexity is in order 
and that such an examination must be 
overseen by a nonscicniist. I argue from 
analogy with situations in which an out- 
side prosecutor is selected when an 
elected official is to be investigated. 

The competition for place and status 
that now pr«?)ccupies workers in the 
field deserircs much more quesiiciiing 
and justification if it is to be continued. 
The shameful scrambling for space and 
grants in the face of dwindling research 
funds and increasing numbers of investi- 
gators has an almost Malthusian ring! 
Clearly, something; is amiss in the struc- 
ture of biomedical research. Can it be 
that a relationship we have taken for 
granted over the past 50 years is flawed? 
The sociological studies of Barber er aL 
(2) indicate that the perversion of ethics 
in research is a result of competition. 
And Relman (i) acknowledges the influ- 
ence of 2ui industrial value system on the 
medical establishment, although he care- 
fully avoids inculpating medical educa- 
tion and its research -oriented goals. 

Let there be a national review, and let 
us not ovcr^tvik the possibility of sepa- 
rating bionieciical research from medical 
education, thereby restoring traditional 
ethical qualities to boii> 

George A. Silver 
Departmem of Epidcmi(Aoi*y and 
Public Health, School of Medicine, 
Yale University, 

New Haven, Connecticut 06510 
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Reported Laboratory r rauds 
in Biomedical Sciences 

O n recent years, we appear to have 



been hit by a wave of accounts in jour- 
nals and newspapers of fraudulent re- 
poning of scientific data. Many factors 
may have contributed to this, including 
an increase in the number of persons 
devoting subsiamially full time to re- 
search; an increase in the competition 
for available suppon dollars; an increase 
in the pressure to publish abundantly: 
possible changes in the nature of the 
training process that leads to the Ph.D. 
degree: and possibly, just possibly, a 
deterioration in the morality of our scien- 
tists. Assignment of weights to each of 
these and other factors is. at this time, 
not possible. However, review of report- 
ed cases indicates that ccnain general- 
ities may be noted. 

The frauds appo.ar to occur most fre- 
quently in our most prestigious research 
and teaching institutions. A young man 
enters the labo.^atory of a very successful 
investigator, one who has an unusually 
large bibliography and who has. there- 
fore, secured generous grant support and 
abundant laboratory space. The young 
man (there is a paucity of cases in which 
women arc involved in fraud) inspects 
his new environment to ascertain what it 
takes to succeed there, and he soon 
concludes that, since his preceptor, who 
is obviously -.ucccssful. has published an 
unusually large number of papers, this is 
the route to success. He therefore tries 
to follow this example and ma> publish 
ten or more papers in a year. Those of us 
experienced in the production of bio- 
medical research know that to generate 
novel research results sufficient to fill 
that nunihcr of papers in tnc allotted time 
is not easy. Our young candidate, there- 
fore, is forced by circumstances to con- 
sider the routes he may follow to achieve 
his ambition. On the one hand he may 
choose ;6 plagiari/e from i.ie results of 
others. On the other hand he may choose 
to fabricate results and experiments. By 
these means, he hopes to diminish the 
time normally consumed in honest re- 
search, which entails the planning and 
design of experiments, the acquisition of 
the necessary technical skills, consider- 
ation of the relevant literature, and final- 
ly the preparation of his own research 
report. All of these steps consume time 
and energy. 

One of the consequences of the selec- 
tion of a very successful investigator a^ 
preceptor is that he will have attracted 
the attention of other pre- and postdoc- 
toral fellows. He is likely to have a large 
number of trainees at some level of train- 
ing who are accountable to him. Some- 
times this number exceeds 20. and this, 
together with the fact that successful 
preceptors are likely to spend much time 



on the road giving lectures and panici- 
pating in various committees and editori- 
al board functions, reduces the time the 
preceptor may spend with each trainee. 
There are cases ir which the trainee 
meets with his preceptor for 1/2 hour 
every 6 weeks. This is simply not enough 
if the preceptor is to take his teaching 
responsibility seriously. He should re- 
view with each trainee experiments done 
yesterday, and he should outline with the 
trainee me experiments planned foi to^ 
morrow. He should guide the trainee 
through the maze of the literature, and 
he should assist the trainee in the acqui- 
sition of the necessary experimental 
skills. 

In addition, both by example and by 
precept, he has an obligation to m?ke 
cenain that each of his trainees is fuily 
sensitized to the absolute requirement of 
total honesty in the reporting of scientific 
results. Many professions recognize un- 
acceptable deviations from strict hones- 
ty. The banker cannot tolerate the em- 
bezzler. The military person cannot tol- 
erate the deserter. And the intelligence 
services cannot tolerate the mole. Sci- 
ence cannot tolerate the man who takes 
lightly his moral obligation to repon 
strictly what is true. 

In light of the foregoing, it is suggested 
that research training groups under a 
single preceptor be kept small in size, 
permitting abundant contact between 
preceptor and trainee. The preceptor, if 
he is to fulfill hi}' moral obligation, will 
undenake to spend significant periods of 
time at frequent intervals with each of 
his trainees. The candidate trainee will 
be well advised to select a preceptor who 
is not excessively encumbered with large 
numbers of trainees. He should re ag- 
nize that a preceptor with an excessively 
lengthy bibliography may <;et quantity of 
publication above quality of research 
and may thus be a poor role model. In 
several of the recently publicized in- 
stances of laboratory fraud, the trainee 
has been the prime target of criticism, 
while the preceptor has been treated 
sympathetically . nd with commisera- 
tion. There may be instances in which 
this distribution of blame is not appropri- 
ate. Frequently, when one 'number of a 
group produces many more publications 
than do his contemporaries, this is taken 
as an indication of unusual ability. It may 
be appropriate to view such exceptions 
as a basis for suspicion and an indication 
for scrutiny. 

DhWitt Stetten. Jr. 
National Institutes oj Health, 
Bethesda, Mary land 20205 
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Fraud in scientific research is unaccept- 
able and inevitable. It is unacceptable be- 
cause the entire procedure of publishing and 
advancing knowledge is based on trust-~that 
the literature reports accurate measurements 
of actual experiments. If each researcher had 
to go back and repeat the literature, the enor- 
mously productive rush of modem science 
would slow to a snaiPs pace. Even good in- 
tentions are not enough. Sloppy ex- 
perimentation and poor scholarship are con- 
demned. Outright fraud is intolerable. 

Nevertheless, some fraud will exist as 
long as human beings are doing the ex- 
periments. Any system in which advance- 
ment, fame, and fortune await a successful 
practitioner will tempt a certain number of 
individuals to cut comers. That number may 
well be smaller in science than in other 
fields, not because scientists are more moral 
than others, but because the cumulative na- 
ture of science means inevitable exposure, 
usually in a rather short time. 

An oversimplified admonition might be, 
"You may escape detection by falsifying an 
insignificant finding, but there will be no re- 
ward. You may falsify an important finding, 
but then it will surely form the basis for sub- 
sequent experiments and become exposed." 
Therefore, there is little percentage in 
falsifying science, and the speed with which 



recent examples of this unfortunate human 
frailty have been revealed is an indication of 
the pace of modem science. Some news- 
paper reporters have used recent fraud cases 
to imply that the structure of science is 
crumbling or that there is a cover-up, forget- 
ting that the extent of the scientific enterprise 
has grown a thousandfold since the 1800s. 
We would expect a greatei number of cases 
of fraud today, but there is no evidence of an 
increased percentage. And there in no mod- 
em equivalent of Piltdown man, a fraud that 
took years to uncover. Still, it is important 
that scientists be ever vigilant, and the rash 
of recent frauds does suggest some dangers 
in modem science. 

One danger arises from tne nature of inter- 
disciplinary research. Many papers have 
numerous authors: investigators in a labora- 
tory that has cloning expertise collaborate 
with others in a laboratory that has expertise 
in physical instrumentation and another lab- 
oratory that does animal tests to publish a 
joint paper. The results of this kind of col- 
laboration have had spectacular success, in 
the main, and no one would wish to limit 
such joint efforts. Yet when no one person 
has expertise in all aspects of the research, 
there can be dangers. A second problem 
arises when busy scientists, who have too 
many projects and too little time, supervise 



projects in which they have infrequent con- 
tact with those doing the experiments. Final- 
ly, the competitive world of modem science 
fosters some entrepreneurs who are so intent 
on the next grant or the big success that they 
forget that every good experimenter must be 
his own devil's advocate. A principal in- 
vestigator must not only devise critical tests 
for his findings, but must also generate an 
atmosphere that encourages co-workers to 
report the bad news as well as the good 
news. 

The procedures recently established by the 
National Institutes of Health and various uni- 
versities to deal with fraud seem admirable 
and appropriate. The punishments for of- 
fenders are severe: usually, total derailment 
of a career. Because the repercussions 
associated with fraud are so serious, some 
investigations of such charges take long peri- 
ods of time, but faimess to the accused is 
essential. Once guilt is ascertained, the loss 
of a career in science seems appropriate in 
many cases. Restitution in some form for the 
wasted time of those who based further ex- 
periments on the false report might be con- 
sidered appropriate as well. The larger the 
group, the more interdisciplinary the re- 
search, the more competitive the area, the 
more is the need for watchful skepticism. 

Having acknowledged that, we must rec- 
ognize that 99.9999 percent of reports are 
accurate and truthful, often in rapidly 
advancing frontiers where data are hard to 
collect. There is no evidence that the small 
number of cases that have surfaced require a 
fundamental change in procedures that have 
produced so much good science. To continue 
the great advances that are being made, we 
must accept that perfect behavior is a desir- 
able but unattainable goal. Vigilance? Yes. 
Timidity? No. 
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Accuracy and Truth 

Daniel E. Koshland, Jr.'s, assertion that no 
more than one in a million scientific papers 
departs significantly from accuracy and truth 
(Editorial, 9 Jan., p. 141) might have been 
y jadc by Pollyanna. The idea that we scientists 



arc ethically 99.9999% pure is not only ndic* 
ulous but also obviously self-serving. 

Besides the actual falsifications of data, 
which probably pollute two orders of mag- 
nitude more reports than Koshland imag- 
ines, less direct deceits arc abundant. I 
would estimate that over 10% and perhaps 
even a majority of all published works con- 
tain one or more of the.se dec ts: 

1) Omission of negative results from cor- 
ollary experiments. 

2) Presentation of statistical analyses 
where mathematically required conditions 
arc not met, or discussed. 

3) Failure to mention equally simple 
hvpothescs that were untested or arc untest- 
ablc. 

4) Citation of work as proving a point, 
which it does not. 



5) Citation of work as supporting a 
point, which it does not. 

Scientists routinely try to make their work 
look more significant than it is. This is 
natural and human, but it does distort the 
published product. Editors are certainly 
aware that this is so, and act to limit the 
distortion, although not effectively enough. 

Raymond R. White 
Department of Biology, 
City College of San Francisco, 
San Francisco, CA 94112 

Response: I did not state that scientists are 
ethically 99.9999% pure. What I stated was 
that I believe that proportion is not far off 
with regard to the correa data placed in the 
literature. Scientists are human and there 
will be both error and fraud, but it is as 
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irresponsible to exaggerate these deviations 
as to ignore them. The errors hsted by 
White all occur, but I would disagree 
strongly with regard to their frequency. I 
looked at one journal, the Journal ofBiologi- 
cal Chemistry, which published 17,000 pages 
in 1986. Using a rough estimate of 50 
pieces of data per page, one gets close to 1 
million bits of information for one journal 
in one year. There arc hundreds of journals 
in biochemistry alone and hundreds more in 
such diverse fields as physics, geology, psy- 
chiatry, and so forth. Yet, only one or t^vo 
cases of fraud are exposed per year. My guess 
is that very few of the data in all these 
articles contain significant errors, let alone 
deceitful ones. Reading that a value is 10.1 
in a table but that in the text it is 10.3 may 
be annoying, but anyone v ho has written a 
manuscript knows how easy it is to create 
such an error by the usual rounding off of 
data. Omitting negative results is not neces- 
sarily either deceitful or incorrea. There are 
standard procedures for omitting negative 
results, such as when subsequent positive 
results reveal the source of the initial error, 
or where statistically appropriate replica- 
tions indicate that an unexplained deviation 
is bc\'ond statistical significance. Statistical 
analyses are also a source of error, and that is 
why Science hires a consultant statistician. 
Scientists usually like to state alternative 
hypotheses, but lack of imagination or refer- 
ees who say "don't speculate" can be reasons 
for leaving them out as well as deliberate 
deceit. Poor citations are probably the most 
prevalent of the ills listed, but the most 
important error in that regard is usually lack 
of scholarship, that is, a tendenc}^ to use a 
conventional citation without rereading the 
work or to choose one citation to illustrate a 
field when more than one paper is rele\'ant. 
Failure to cite competitors can be deceitful 
or an excess of self-delusion. 

Despite these deviations, which I believe 
will always be with us, the biological litera- 
ture docs, to an incredibly high degree, 
reflect accurate data on incredibly rapidlv 
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advancing frontiers. There is no error-free 
world. Perfection is die goal, but if we wait 
until we achieve it, progress will be ver\' 
slow.— Daniel E. Koshland, Jr. 
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NIH Fraud Guidelines 

The editorial "Fraud in science** by Daniel 
E. Koshland, Jr. (9 Jan., p. 141), states that 
the National Institutes of Health procedures 
for dealing with possible miscondua in 
science (/) "seem admirable and appropri- 
ate." We take exception to t^vo recommen- 
dations made by NIH for awardee institu- 
tions, first, to item (b), "proteaing the 
privacy of those who in good faith report 
apparent misconduct" (/, p. 24) and, sec- 
ond, to item (i), "if the possible miscondua 
is not substantiated undertaking diligent 
efforts where appropriate to restore the rep- 
utation of those under invesrigation" (/, p. 
24). 

Concerning item (b), we believe this poli- 
cy is morally wrong and contravenes the 
rights a citizen of the United States might 
reasonably expca. We know of no civil 
court in which an individual is prevented 
from knowing the identit)' of his accuser. 
This should not be the polic}' of universities, 
which are supposed to be centers of enlight- 
enment and education. The polic)' suggests 
that anonvmous informants should be con- 
doned and that, by providing the descriptor 
"in good faith," some universit)' official will 
have the wisdom and background to judge 
whether the individual is aaing in good 
faith. 

We believe the following. Those of us 
who have made a career in science value our 
integrit)' and that of our confreres above anv 
other single trait; \vc rigorously apply this 
trait to our own research and in evaluating 
that of our peers; we have a moral obliga- 
tion to report any suspected errors or sus- 
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peered dishonest)' to the individual whom 
wc suspect, and then, if our doubts are not 
assuaged, to university' officials. Wc must as 
a communit)' demand the most rigorous and 
correct behavior of ourselves and of our 
peers; at no time should we hide behind a 
cloak of anonymit)', and in no way should 
NIH or the universit)' encourage or con- 
done such an action. 

Point (i) is equally troubling because it 
implies that regardless of efforts to protect 
an individual who has been accu cd, the 
conduct of an investigation will become 
general knowledge and will damage the 
individual during its course. There should 
be no need to "restore the reputation" of 
one who is unjusdy accused, because in this 
nation we are innocent until proven guilt)'. 
If an investigation is conduaed correaly 
and responsibly, then this recommendation 
is superfluous. 

The federal regulations make no recom- 
mendations about how an institution is to 
carrj' out its inquiries. If we accept the 
federal role model, the local institutions will 
appoint a "Miscondua PoIic}' Officer" or 
MPO. In considering this we note with 
amusement that the federal official designat- 
ed as chief MPO is the Deputy^ Direaor for 
Extramural Research and Training, or 
DDERT. We do not believe the universit)' 
should appoint a comparable official whose 
role will be to deal with "dedirt." Rather, we 
believe any alleged instance of miscondua 
should be considered by a panel of peers 
who are impressed with the solemnit)' of 
their task and who have access, as does the 
accused individual, to all faas and all per- 
sons involved in the process of accusation. 

Michael R. Rosen 
Brian F. Hoffman 
Department of Phannacolqgyy 
Columbia University^ 
Nen^ York, NT 10032 
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The effects of technological change on existing legal, social, 
and political structures and the consequences of new regula- 
tory standards for the development and application of medical 
knowledge are dominant themes in current discussions of rights and 
duties in the health sciences. The health sciences are the source of the 
most visible and intense debates over questions of freedom and 
responsibility in science. As the miracles of modem medicine enter 
the mainstreani of daily life, new issues arise: the cost and quality of 
health care; the role of government and other institutions in establish- 
ing minimum standards of prevention and protections for the rights of 
others; the meaning of concepts such as privacy, confidentiality, 
dignity, and autonomy in a society increasingly concerned with cost 
effectiveness and efficiency in the delivery of advanced medical care. 

Leon R. Kass reflects on the ultimate goals of the new biology in 
his examination of the objectives of genetic engineering and biomedi- 
cal research. The implications of pnvacy and confidentiality laws and 
regulations for future medical and epidemiological research in the 
United States are reviewed by Leon Cordis and Ellen GoId« who 
conclude that the rights of human subjects can be protected without 
hindering research advances, but that on occasion some individuals 
may need to yield certain nghts for the benefit of society as a whole. 

John C. Bumham, noting the social esteem and prestige that the 
medical profession enjoyed in the first half of the twentieth century, 
then traces the growing criticisms of the practice of American medi- 
cine. By the late 1 950s, a campaign to modify the elevated position of 
physicians in Amencan society was firmly rooted, he concludes, 
eventually leading to cnticism of the social applications of medical 
science and of the competence of the individual physician. 



Two articles in this chapter focus on opportunities and problems 
presented by genetic engineenng and genetic screening. Amo G. 
Motulsky notes that the manipulation of recombinant DNA in human 
fertil zed eggs presents an unprecedented series of questions about 
interventions that will affect future generations, including questions 
of confidentiality, private versus societal goals, and self- 
determination. Peter T. Rowley asks whether genetic screening is a 
marvel that will free society from the scourge of genetic disease or a 
menace that will invade individual privacy and determine who may 
reproduce and under what conditions. 

The authors in this chapter display a curious ambivalence about the 
promise and potential of science and technology in the health scien- 
ces. In contrast to the optimistic confidence of the authors in earlier 
chapters of this book, the contributors here reflect a more pragmatic 
outlook in applying the fruits of technical progress through existing 
social, political, and economic institutions. The inequities and con- 
flicts among individual rights, social goals, and the conflicting objec- 
tives of private and public institutions may create friction that tends to 
escalate in the wake of each innovation or scientific change. 

In the next chapter, the allocation of the risks associated with 
technical change is examined. Are those who will eventually bear the 
greatest risks from technical innovation able to participate in de- 
cisions about the manner in which these changes should be introduced 
into society? Once again , the need for greater involvement by scien- 
tists in educating the public at large is offered as a remedy for existing 
deficiencies in the pohtical and economic mechanisms that regulate 
the pace and application of advances in science and technology. 

-RC 



134 




Recent advances in biology and med- 
icine suggest that we may be rapidly 
acquiring the power to modify and con- 
trol the capacities and activities of men 
by direct intervention and manipulation 
of their bodies and minds. Certain 
means are already in use or at hand, 
others await the solution of relatively 
minor technical problems^ while yet 
others, those offering perhaps the most 
precise kind of control, depend upon 
further basic research. Biologists who 
have considered these matters disagree 
on the question of how much how soon, 
but all agree that the power for "human 
engineering,'* to borrow from the jar- 
gon, is coming and that it will probably 
have profound social consequences. 

These developments have been viewed 
both with enthusiasm and with s]'»rm; 
they are only just beginning to receive 
serious attention. &jveral biologists have 
undertaken to »nform the public about 
the technical possibilities, present and 
future. Practitioners of social science 
"futurology" nre altemptii.^ to p'edict 
and describe Mie likely social conse- 
quences of aud public response:; to the 
new technologies. Lawyers and I .gisla- 
tors are exn ohng institutional innova- 
tions for ansessins aew technologies. All 
of they; activities are based upon the 
hope t'lat we can harness the new tech- 
nolog/ of man for the betterment of 
man\ind. 

Yet this commendable aspiration 
points to another set of questir .is, which 
are, in my view, sorely neglected — 
questions t^at inquire nto the meaning 
of phrases such as the "betterment of 
mankind." A full understanding of the 

The author is executive secretary, Committee 
on the Life Sciences and Social Policy, National 
Research Coundl, National Aca<»<my of Sciences, 
Washington, D.C. 20418. Thi. article is adapted 
from a working paper prepared by the author for 
the committee, as weU as from lectures given at 
St. John's College In AnnapcMs, Maryland; at Oak 
Ridge National Laboratory, biology division. Oak 
Ridge, Tennessee: and at a meeting, in Washing, 
ton, of the Council for the Advancement of 
Science Writing. The views expressed are those 
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new technology of man requires an ex- 
ploration of ends, values, standards. 
What ends will or should the new tech- 
niques serve? What values should guide 
society's adjustments? By what stan- 
dards should the assessment agencies 
assess? Behind these questions lie 
others: what is a good man, what is a 
good life for man, what is a good com- 
munity? This article is an attempt to 
provoke discussion of these neglected 
and important questions. 

While these questions about ends and 
ultimate ends are never unimportant or 
irrelevant, they have rarely been more 
important or more relevant. That this is 
so can be seen once we recognize that 
we are dealing here with a group of 
technologies that are in a decisive re- 
spect unique; the object upon which 
they operate is man himself. The tech- 
nologies of fnergy or food prciuction, 
of communication, of n.anufacture. and 
of motion greatly alter the implements 
available to man and the conditions in 
which fie use5 '.nem. In contrast, the 
biomedical <echno!ogy works to change 
the user himself. To be sure, the print- 
ing press, the automobile, the television, 
and t:r jet airplane have greatly altered 
the conditions under which and the way 
in which men live; but men as biolog- 
ical beings have remained largely un- 
changed. They have been, and remain, 
able to accept or reject, to use and 
abuse these technologies; they choose, 
whether wisely or foolishly, the ends to 
which these technologies are means. 
Biomedical technology may make A 
possible to change the inherent capacity 
for choice itself. Indeed, both those 
who welcome and those who fear the 
advent of "human engineering" ground 
their hopes and fears in the same pros- 
pect: that man can for the first time re- 
create himself. 

Engineering the engineer seems to 
differ in kind from engineering his 
engine. Some have argued, however, that 
biomedical engineering does not differ 



qualitatively from toilet training, edu- 
cation, and moral teachings-^ail of 
which are forms of so-called "social en- 
gineering,'' which has man as its object, 
and is used by one generation to mold 
th^ next. In reply, it must at least be 
said that the techniques which have 
hitherto been employed are feeble and 
inefficient when compared to those on 
the horizon. This quantitative difference 
rests in part on a qualitative difference 
in the means of intervention. The tradi- 
tional influences operate by speech or 
by symbolic deeds. They pay tribute to 
man as the animal who lives by speech 
and who understands the meanings of 
actions. Also, their effects are, in gen- 
eral, reversible, or at least subject to 
attempts at reversal. Each person has 
greater or lesser power to accept or 
reject or abandon them. In contrast, 
biomedical engineering circumvents the 
human context of speech and meaning, 
bypasses choice, and goes directly to 
work to modify the human materia! 
itself. Moreover, the changes wrought 
may be irreversible. 

In addition, there is an important 
practical reason for considering the bio- 
medical technology apart from other 
technologies. The advances we shall ex- 
amine are fruits of a large, humane 
project dcG vated to the conquest of 
disease and the relief of human suffer- 
ing. The biologist and physician, regard- 
less f r their private motives, are seen, 
with jusiificaiion, to be the well-wishers 
and benefactors of mankind. Thus, in 
a time in which technological advance 
is more carefully scrutinized ^nd in- 
creasingly criticized, biomedical devel- 
opments arc still viewed by most people 
as benefits largely without qualification. 
The price we pay for these develop- 
ments is thus more likely to go unrec- 
ognized. For this reason, I shall con- 
sider only the dangers and costs of bio- 
medical advance. As the benefits are 
well known, there is no need to dwell 
upon them here. My discussion is de- 
liberately partial. 

I begin with a survey of the pertinent 
technologies. Next, I will consider some 
of the basic ethical and social problems 
in the use of these technologies. Then, 
I will briefly raise some fundamental 
questions to which these problems 
point. Finally, I shall offer some very 
general reflections on what is to be 
done. 

The Biomedical Technologies 
The biomedical technologies can be 
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usefully organized into three groups^ 
according to their major purpose: 0) 
control of death and life, (ii) control of 
human potentialities, and (iii) control 
of human achievement. The corre- 
sponding technologies are (i) medicine, 
especially the arts of prolonging life and 
of controlling reproduction, <ii) genetic 
engineering, and (iii) neurological and 
psychological manipulation. I shall 
briefly summarize each group of tech- 
niques. 

1 ) Control o; death and life. Pre- 
vious medical triumphs have greatly in- 
creased average life expectancy. Yet 
other developments, such as organ 
transplantation or rq)lacement and re- 
search into aging, hold forth the prom- 
ise of increasing not just the average, 
but also the maximum life expectancy. 
Indeed, medicine seems to be sharpen- 
ing its tools to do battle with death it- 
self, as if death were just one more 
disease. 

More immediately and concretdy, 
available techniques of prolonging life 
— respirators, cardiac pacemakers, arti- 
ficial kidneys — are already in the lists 
against death. Ironically, the success of 
these devices in forestalling death has 
introduced confusion in determining 
that death has, in fact, occurred. The 
traditional signs of life — heartbeat and 
respiration — can now be maintained en- 
tirely by machines. Some physicians arc 
now busily trying to devise so-called 
"new definitions of death," while others 
maintain that the technical advances 
show that death is not a concrete event 
at all, but rather a gradual process, like 
twilight, incapable of precise temporal 
localization. 

The real challenge to death will come 
from research into aging and senes- 
cence, a field just entering puberty. 
Recent studies suggest that aging is a 
genetically controlled process, distinct 
from disease, but one that can be ma- 
nipulated and altered by diet or drugs. 
Extrapolating from animal studies, some 
scientists have suggested that a decrease 
in the rate of aging might also be 
achieved simply by effecting a very 
small decrc::3c in human body temper- 
ature. According to some estimates, by 
the ye?r 2000 it may be technically 
possiMe (0 add from 20 to 40 useful 
years to th^ period of middle life. 

Medicine's success in extending life 
is already a major cause of excessive 
population growth: death control points 
to birth control. Although we are al- 
ready technically competent, new tech- 
niques for lowering fertility and chem- 
ical agents for inducing abortion will 



greatly enhance our powers over con- 
ception and gestation. Problems of defi- 
nition have been raised here as well. 
The need to determine when individuals 
acquire enforceable legal rights gives 
society an interest in the definition of 
human life and of the time when it 
begins. These matters are too familiar 
to need elaboration. 

Technologies to conquer infertility 
proceed alongside those to promote it. 
The first successful laboratory fertiliza- 
tion of human egg by human sperm 
was reported in 1969 (7). In 1970, 
British scientists learned how to grow 
human embryos in the laboratory up to 
at least the blastocyst stage [that is, to 
the age of 1 week (2)]. We may soon 
hear about the next stage, the successful 
reimplantation of such an embryo into 
a woman previously infertile because of 
oviduct disease. The development of an 
artificial placenta, now under investiga- 
tion» will make possible full laboratory 
control of fertilization and gestation. In 
addition, sophisticated biochemical and 
cytological techniques of monitoring the 
"quality" of the fetus have been and are 
being developed and used. These devel- 
opments not only give us more power 
over the generation of human life, but 
make it possible to manipulate and to 
modify the quality of the human ma- 
terial. 

2) Control of human potentialities. 
Genetic engineering, when fully devel- 
oped, will wield two powers not shared 
by ordinary medical practice. Medicine 
treats existing individuals and seeks to 
correct deviations from a norm of 
health. Genetic engineering, in contrast, 
will be able to make changes that can 
be transmitted to succeeding genera- 
tions and will be able to create new 
capacities, and hence to establish new 
norm^ of health and fitness. 

Nevertheless, one of the major inter- 
ests in genetic manipulation is strictly 
medical: to develop treatments for in- 
dividuals with inherited diseases. Ge- 
netic disease is prevalent and increasing, 
thanks partly to medical advances that 
enable those affected to survive and 
perpetuate the* mutant genes. The 
hope is that noimal copies of the ap- 
propriate gene, obtained biologically or 
synthesized chemically, can be intro- 
duced into defective individuals to cor- 
rect their deficiencies. This therapeutic 
use of genetic technology appears to be 
far in the future. Moreover, there is 
some doubt that it will ever be prac- 
tical, since the same end could be more 
easily achieved by transplanting cells or 
organs that could compensate for the 



missing or defective gene product. 

Far less remote are technologies that 
could serve eugenic ends. Their devel- 
opment has been endorsed by those 
concerned about a general deteriora- 
tion of the human gene pool and by 
others who believe that even an unde- 
teriorated human gene pool needs up- 
grading. Artificial insemination with se- 
lected donors, the eugenic proposal of 
Herman Muller (5), has been possible 
for several years because of the perfec- 
tion of methods for long-term storage 
of human spermatozoa. The successful 
maturation of human oocytes in the 
laboratory and their subsequent fertil- 
ization now make it possible to select 
donors of ova as well. But a far more 
suitable technique for eugenic purposes 
will soon be upon us — namely, nuclear 
transplantation, or cloning. Bypassing 
the lottery of sexual recombination, nu- 
clear transplantation permits the asexual 
reproduction or copying of an already 
developed individual. The nucleus of a 
mature but unfertilized egg is replaced 
by a nucleus obtained from a specialized 
cell- of an adult organism or embryo (for 
example, a cell from the intestines or 
the skin). The egg with its transplanted 
nucleus develops as if it had been fer- 
tilized and, barring complications, will 
give rise to a normal adult organism. 
Since almost all the hereditary material 
(DNA) of a cell is contained within its 
nucleus, the renucleated egg and the in- 
dividual into which it develops are ge- 
netically identical to the adult organism 
that was the source of the donor nu- 
cleus. Cloning could be used to produce 
sets of unlimited numbers of genetical- 
ly identical individuals, each set derived 
from a single parent. Cloning has been 
successful in amphibians and is now 
being tried in mice; its extension to man 
merely requires the solution of certain 
technical problems. 

Production of man-animal chimeras 
by the introduction of selected nonhu- 
man material iiito developing human 
embryos is also expected. Fusion of hu- 
man and nonhuman cells in tissue cul- 
ture has already been achieved. 

Other, less direct means for influ- 
encing the gene pool are steady avail- 
able, thanks to our increasing ability to 
identify and diagnose genetic diseases. 
Genetic counselors can now detect bio- 
chemically and cytologically a variety 
of severe genetic defects (for example. 
Mongolism, Tay-Sachs disease) while 
the fetus is still in utero. 5ince treat- 
ments are at present largely unavailable, 
diagnosis is often followed by abortion 
of the affected fetus. In the future, 



136 



more sensitive tests will also permit the 
detection of heterozygote carriers, the 
unaffected individuals who carry but a 
single dose of a given deleterious gene. 
The eradication of a given genetic dis- 
ease might then be attempted by abort- 
ing all sudi carriers. In fact, it was re- 
cently suggested that the fairly common 
disease cystic fibrosis could be com- 
pletely eliminated over the next 40 
years by screening all pregnancies and 
aborting the 17,000,000 unaffected fe- 
tuses that will carry a single gene for 
this disease. Such zealots need to be 
reminded of the consequences should 
each geneticist be allowed an equal 
assault on his favorite genetic disorder, 
given that each human being is a car- 
rier for some four to eight such reces- 
sive, lethal genetic diseases. 

3) Control of human achievement. 
Although human achievement depends 
at least in part upon genetic endow- 
ment, heredity determines only the ma- 
terial upon which experience and edu- 
cation impose the form. The limits of 
many capacities and powers an indi- 
vidual are indeed genetically deter- 
mined, but the nurturing and perfection 
of these capacities depend upon other 
influences. NeOi'olosica] and psycholog- 
ical manipulation hold forth the prom- 
ise of contrdling the developirent of 
human capacities, particularly those 
long considered most distinctively hu- 
man: speech, thought, choice, emotion, 
memory, and imagination. 

These techniques arc now in a rather 
primitive state because we understand 
so little about the brain and mind. Nev- 
ertheless, we have already seen ihe use 
of electrical stimulation of the human 
brain to produce sensations of intense 
pleasure and to control rage, the use of 
brain surgery (for example, frontal lo- 
botomy) for the relief of severe anxiety, 
and the use of aversive conditioning 
with electric shock to treat sexual 
perversion. Operant-conditioning tech- 
niques are widely used, apparently with 
success, in schools and mental hospitals. 
The use of so-called consciousness-ex- 
panding and hallucinogenic drugs is 
widespread, to say nothing of tranquil- 
izers and stimulants. We are promised 
drugs to modify memory, intelligence, 
libido, and aggressiveness. 

The following passages from a recent 
book by Yale neurophysiologist Jos^ 
Delgado— a book instructively entitled 
Physical Control of the Mind: Toward 
a Psychocivilized Socie/y— should serve 
to make this discussion more concrete. 
In the *;arly 1950's, it was discovered 
with electrodes placed in certain 



discrete regions of their brains, animals 
woukl repeatedly and indefatigably 
press levers to stimulate their own 
brains, with obvious resultant enjoy- 
ment. Even starving animals preferred 
stimulating these so-called pleasure 
centers to eating. Delgado comments on 
the electrical stimulation of a similar 
center in a human subject (4, p. 185). 

[T]he patient reported a pleasant ting- 
ling sensation in the left side of her body 
*from my face down to the bottom of my 
legs.' She started giggling and making 
funny comments, stating that she enjoyed 
the sensation 'very much.* Repetition of 
these stimulations made the patient more 
communicative and flirtatious, and she 
ended by openly expressing her desire to 
marry the therapist. 

And one further quotation from Del- 
gado {4, p. 88). 

Leaving wires inside of a thinking brain 
may appear unpleasant or dangerous, bwl 
actually the many patients who have 
undergone this experience have not been 
concerned about the fact of being wired, 
nor have they felt any discomfort due to 
the presence of conductors in their heads. 
Some women havo shown their feminine 
adaptability to drcumstances by wearing 
attractive hats or wigs to conceal their 
electrical headgear, and many people have 
been able to enjoy a normal life as out- 
patients, returning to the clinic periodically 
for examination and stimulation. In a few 
cases in which contacts were located in 
pleasurable areas, patienti> have had the 
opportunity to stimulate their own brains 
by pressing the button of a portable instru- 
ment, and this procedure is reported to 
have therapeutic benefits. 

It bears repeating that the sciences of 
neurophysiology -and psychopharmacol- 
ogy are in their infancy. The techniques 
that are now available are crude, im- 
precise, weak, and unpredictable, com- 
pared to those that may flow from a 
more mature neurobiology. 

Basic Ethical and Social Problems 
in the Use of Biomedical Technology 

After this cursory review of the pow- 
ers now and soon to be at our disposal, 
I turn to the questions concerning the 
use of these powers. First, we must rec- 
ognize that questions of use of science 
and technology are always moral and 
political questions, never simply tech- 
nical ones. All private or public deci- 
sions to develop o: to use biomedical 
technology — and decisions not to do so 
— inevitably contain judgments about 
value This is true even if the values 
guiding those decisions are not articu- 
lated or made clear, as indeed they 
often are not. Secondly, the value judg- 



ments cannot be derived from biomed- 
ical science. This is true even if scien* 
tists themselves make the decisions. 

These important points are often 
overlooked for at least three reasons. 

1) They are obscured by those who 
like to speak of "the control of nature 
by science. It is men who control, not 
that abstraction "science." Science may 
provide the means, but men choose the 
ends; the choice of ends comes from 
beyond science. 

2) Introduction of new technologies 
often appears to be the result of no 
decision whatsoever, or of the culmina- 
tion of decisions too small or uncon- 
scious to be recognized as such. What 
can be done is done. However, someone 
is deciding on the basis of some notions 
of desirability, no matter how self- 
serving or altruistic. 

3) Desires to gain or keep money 
and power no doubt influence much of 
what happens, but these desires can also 
be formulated as reasons and then dis- 
cussed and debated. 

Insofar as our society has tried to 
deliberate about questions of use, how 
has it done so? Pragmatists that we are, 
we prefer a utilitarian calculus: we 
weigh "benefits" against "risks," and we 
weigh them for both the individual and 
"society." We often ignore the fact that 
the very definitions of "a benefit" and 
'*a risk" are themselves based upon 
judgments about value. In the biomed- 
ical areas just reviewed, the benefits are 
considered to be self-evident: prolonga- 
lion of life, control of fertility and of 
population size, treatment and preven- 
tion of genetic disease, the reduction of 
anxiety and aggressiveness, and the en- 
hancement of memory, intelligence, and 
pleasure. The assessment of risk is, in 
general, simply pragmatic — will the 
technique work effectively and reliably, 
how much will it cost, will it do detect- 
able bodily harm, and who will com- 
plain if we proceed with development? 
As these questions are familiar and 
congenial, there is no need to belabor 
them. 

The very pragmatism that makes us 
sensitive to considerations of economic 
cost often blinds us to the larger st?cial 
costs exacted by biomedical advances. 
For one thing, we seem to be unaware 
that we may not be able to maximize 
all the benefits, that several of the goals 
we are promoting conflict with each 
other. On the one hand, we seek to 
control population growth by lowering 
fertility; on the other hand, we develop 
techniques to enable every infertile 
woman to bear a child. On the one 
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hand, we try to extend the lives of in- 
dividual with genetic disease; on the 
other, we wish to eliminate deleterious 
genes from the human population. I 
am not urging that we resolve these 
conflicts in favor of one side or the 
other, but simply that we recognize that 
such conflicts exist. Once we do, we 
are more liicely to appreciate that most 
"progress** is heavily paid for in terms 
not generally included in the simple 
utilitarian calculus. 

To become sensitive to the larger 
costs of biomedical progress, we must 
attend to several serious ethical and so- 
cial questions. I will briefly discuss three 
of them: (i) questions of distributive 
justice, (ii) questions of the use and 
abuse of power, and (iii) questions of 
self-degradation and dehumanization. 



Distributive Justice 

The introduction of any biomedical 
technology presents a new instance of 
an old problem — how to distribute 
scarce resources justly. We should as- 
sume that demand will usually exceed 
supply. Which people should receive a 
kidney transplant or an artificial heart? 
Who should get the benefits of genetic 
therapy or of brain stimulation? Is 
"first-come, first-served" the fairest 
principle? Or are certain people "more 
worthy," and if so, on what grounds? 

It is unlikely that we will arrive at 
answers to these questions in the form 
of deliberate decisions. More likely, the 
problem of distribution will continue to 
be decided ad hoc and locally. If so, 
the consequence will probably be a 
sharp increase In the already far too 
great inequality of medical care. The 
extreme case will be longevity, which 
will probably be, at first, obtainable only 
at great expense. Who is likely to be 
able to buy It? Do conscience and 
prudence permit us to enlarge the gap 
between rich and poor, especially with 
respect to something as fundamental as 
life itself? 

Questions of distributive justice also 
arise in the eariier decisions to acquire 
new knowledge and to develop new 
tecnniques. Personnel and facilities for 
medical research and treatment arc 
S'jarce resources. Is the development of 
a new technology the best use of the 
limited resources, given current circum- 
stances? How should we balance efforts 
aimed at prevention against those aimed 
at cure, or either of these against efforts 
. redesign the species? How should we 
balance the delivery of available levels 



of care against further basic research? 
More fundamentally, how should we 
balance efforts in biology and medicine 
against efforts to eliminate poverty, pol- 
lution, urban decay, discrimination, and 
poor education? This last question 
about distribution is perhaps the most 
profound. We should reflect upon the 
social consequences of seducing many 
of our brightest young people to spend 
their lives locating the biochemical de- 
fects in rare genetic diseases, while our 
more serious problems go begging. The 
current squeeze on money for research 
provides us with an opportunity to re- 
think and reorder our priorities. 

Problems of distributive justice are 
frequently mentioned and discussed, but 
they are hard to resolve in a rational 
manner. We find them especially diffi- 
cult because of the enormous range of 
conflicting values and interests that 
characterizes our pluralistic society. We 
cannot agree — unfortunately, we often 
do not even try to agree — on standards 
for just distribution. Rather, decisions 
tend to be made largely out of clash 
of competing interests. Thus, reg:et- 
tably, the question of how to distribute 
justly often gets reduced to who shall 
decide how to distribute. The question 
about justice has led us to the question 
about power. 



Use and Abuse of Power 

We have difficulty recognizing the 
problems of the exercise of power in 
the biomedical enterprise because of 
our delight with the wondrous fruits it 
has yielded. This is ironic because the 
notion of power is absolutely central to 
the modern conception of science. The 
ancients conceived of science as the 
understanding of nature, pursued for 
its own sake. We moderns view science 
as power, as control over nature; the 
conquest of nature "for the relief of 
man*s estate'* was the charge issued by 
Francis Bac^m, one of the leading 
architects of the modern scientific proj- 
ect (5). 

Another source of difficulty is our 
fondness for speaking of the abstraction 
"Man/* I suspect that we prefer to 
speak figuratively about "Man's power 
over Nature" because it obscures an 
unpleasant reality about human affairs. 
It is in fact particular men who wield 
power, not Man. What we really mean 
by "Man's power over Nature" is a 
power exercised by some men over 
other men, with a knowledge of nature 
as their instrument. ^ rx 
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While applicable to technology in 
general, these reflections are especially 
pertinent to the technologies of hurtan 
engineering, with which men deliber- 
ately exercise power over future gener- 
ations. An excellent discussion of this 
question is found in The Abolition of 
Man, by C. Lewis (5), 

It is» of course, <; commonplace to com- 
plain that men have hitherto used badly, 
and against their fellows, the powers that 
science has given them. But that is not 
the point I am trying to make. I am not 
speaking of particular corruptions and 
abuses which an increase of moral virtue 
would cure: I am considering what the 
thing called "Man's power over Nature" 
must always and essentially be. . . . 

In reality, cf course, if any one age 
really attains, by eugenics and scientific 
education, the i>ower to make its descend* 
ants what it pic5ise«, all men who live 
after it are the patients of that power. 
They are weaker, not stronger: for though 
we may have put wonderful machines In 
their hands, we have pre-ordained how 
they are to use them. , . . The real picture 
is that of one dominant age . . . which 
resists all previous ages most successfully 
and dominates all subsequent ages most 
irresistibly, and thus is the real master of 
the human species. But even within this 
master generation (itself an infinitesimal 
minority of the species) the powei will be 
exercised by a minority smaller still. Man's 
conquest of Nature, if the dreams of some 
scientific planners are realized, means the 
rule of a few hundreds of men over bil- 
lions upon billions of men. Ther*? neither 
is 'lOr can be any simple increase of power 
on Man's side. Each new power won by 
man is a power over man as well. Each 
advarxe leaves him weaker as well as 
stronger. In every victory, besides being 
the general who triumphs, he is also the 
prisoner who follows the triuir.phal car. 

Please note that I am not yet speaking 
about the problem of the misuse or 
abuse of power. The point is rather that 
the power which grows is unavoidably 
the power of only some men, and that 
the number of powerful men decreases 
as power increases. 

Specific problems of abuse and mis- 
use of specific powers must not, how- 
ever, be overlooked. Some have voiced 
the fear that the technologies of ge- 
netic engineering and behavior control, 
though developed for good purposes, 
will be put to evil uses. These fears are 
perhaps somewhat exaggerated, if only 
because biomedical technologies would 
add very little to our highly developed 
arsenal for mischief, destruction, and 
stultification. Nevertheless, any pro- 
posal for large-scale human engineering 
should make us wary. Consider a pro- 
gram of positive eugenics based upon 
the widespread practice of asexual re- 
production. Who shall decide what con- 
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stitutcs a superior individual worthy c* 
replication? Who shall decide which in- 
dividuals may or must reproduce, and 
by which method? These are questions 
easily answered only for a tyrannical 
regime. 

Concern about the use of power is 
equally necessary in the selection of 
means for desirable or agreed-upon 
ends. Consider the desired end of limit- 
ing population growth. An effective 
program of fertility control is likely to 
be coercive. Who should decide the 
choice of means? Will the program 
penalize "conscientious objectors"? 

Serious problems arise simply from 
obtaining and disseminating informa- 
tion, as in the mass screening programs 
now being proposed for detection of 
genetic disease. For what kinds of dis- 
orders is compulsory screening justi- 
fied? Who shall have access to the data 
obtained, and for what purposes? To 
whom does information about a per- 
son's genotype belong? In ordinary 
medical practice, the patient*s privacy 
is protected by the doctor's adherence 
to the principle of confidentiality. What 
will protect his privacy under condi- 
tions of mass screening? 

More than privacy is at stake if 
screening is undertaken to detect 
psychological or behavioral abnormal- 
ities. A recent proposal, tendered and 
supported high in government, called 
for the psychological testing of all 6- 
year-olds to detect future criminals and 
misfits. The proposal was rejected; cur- 
rent tests lack the ret^uisite predictive 
powers. But will such a proposal be 
rejected if reliable tests become avail- 
able? What if certain genetic disorders, 
diagnosable in childhood, can be shown 
to correlate with subsequent antisocial 
behavior? For what degree of correla- 
tion and for what kinds of behavior can 
mandatory screening be justified? What 
use should be made of the d:ita? Might 
not the dissemination of the informa- 
tion itself undermine the individual's 
chance for a worthy life and contribute 
to his so-called antisocial tendencies? 

Consider the seemingly harmless ef- 
fort to redefine clinical death. If the 
need for organs for transplantation is 
the stimulus for redefining death, 
might not this concern influence the 
definition at the expense of the dying? 
One physician, in fact, refers in writing 
to the revised criteria for declaring a 
patient dead as a "new definition of 
heart donor eligibility*' (7, p. 526). 

Problems of abuse of power arise 
O the acquisition of basic knowl- 
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edge. The securing of a voluntary and 
informed consent is an abiding problem 
in the use of human subjects in ex- 
perimentation. Gross coercion and de- 
ception are now rarely a problem; the 
pressures are generally subtle, often 
related to an intrinsic power imbalance 
in favor of the experimentalist. 

A special problem arises in experi- 
ments on or manipulations of the un- 
born. Here it is impossible to obtain the 
consent of the human subject. If the 
purpose of the intervention is therapeu- 
tic — to correct a known genetic abnor- 
mality, for example — consent can rea- 
sonably be implied. But can anyone 
ethically consent to nontherapeutic in- 
terventions in which parents or scientists 
work their wills or their eugenic visions 
on the child-to-be? Would not such ma- 
nipulation represent in itself an abuse 
ot power, independent of consequences? 

There are many clinical situations 
which already permit, if not invite, the 
manipulative or arbitrary use of powers 
provided by biomedical technology^ ob- 
taining organs for transplantation, re- 
fusing to let a person die with dignity, 
giving genetic counselling to a frightened 
couple, recommending eugenic steriliza- 
tion for a mental retardate, ordering 
electric shock for a homosexual. In 
each situation, there is an opportunity 
to violate the will of the patient or 
subject. Such opportunities have gen- 
erally existed in medical practice, but 
the dangers are becoming increasingly 
serious. With the growing complexity 
of the technologies, the technician gains 
in authority, since he alone can under- 
stand what he is doing. The patient's 
lack of knowledge makes him deferen- 
tial and often inhibits him from speak- 
ing up when he feels threatened. Physi- 
cians are sometimes troubled by their 
increasing power, yet they feel they 
cannot avoid its exercise. "Reluctantly,*' 
one commented to me, "we shall have 
to play God.'* With what guidance and 
to what ends I shall consider later. For 
the moment, I merely ask: *'By whose 
authority?'* 

While these questions about power 
are pertinent and important, they are 
in one sense misleading. They imply 
an inherent conflict of purpose between 
physician and patient, between scientist 
and citizen. The discu'^^sion conjures 
up images of master and slave, of op- 
pressor and oppressed. Yet it must be 
remembered that conflict of purpose is 
largely absent, especially with regard to 
general goals. To be sure, the purposes 
of medical scientists are not always 
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the same as those of the subjects experi- 
mented on. Nevcrdieless, basic sponsors 
and partisans of biomedical technoIo^,y 
are precisely those upon »m the 
technology will operate. The .ii of the 
scientist and physician is happily mar- 
ried to (rather, is the offspring of) the 
desire of all of us for better health, 
longer life, and peace of mind. 

Most future biomedical technologies 
will probably be welcomed, as have 
those of the past. Their use will re- 
quire little or no coercion. Some de- 
velopments, such as pills to improve 
memory, control mood, or induce 
pleasure, are likely to need no promo- 
tion. Thus, even if we should escape 
from the dangers of coercive manipula- 
tion, we shall still face large problems 
posed by the voluntary use of bio- 
medical technology, problems to which 
I now turn. 



Voluntary Self-Degradation 
and Dehumanization 

Modern opinion is sensitive to prob- 
lems of restriction of freedom and 
abuse of power. Indeed, many hold that 
a man can be injured only by violating 
his will. But this view is much too 
narrow. It fails to recognize the great 
dangers we shall face in the use of bio- 
medical technology, dangers that stem 
from an excess of freedom, from the 
uninhibited exercises of will. In my 
view, our greatest problem will increas- 
ingly be one of voluntary self-degrada- 
tion, or willing dehumanization. 

Certain desired and perfected medical 
technologies have already had some 
dehumanizing consequences. Improved 
methods of resuscitation have made 
possible heroic efforts to "save** the 
severely ill and injured. Yet these efforts 
are sometimes only partly successful; 
they may succeed in salvaging indivi- 
duals with severe brain damage, capable 
of only a less-than-human, vegetating 
existence. Such patients, increasingly 
found in the intensive care units of 
university hospitals, have been denied a 
death with dignity. Families are forced 
to sufi"er seeing their loved ones so 
reduced, and are made to bear the 
burdens of a protracted death watch. 

Even the ordinary methods of treat- 
ing disease and prolonging life have im-, 
poverished the context in which men 
die. Fewer and fewer people die in the 
familiar surroundings of home or in the 
company of family and friends. At that 
time of life when there is perliaps ihc 




greatest need for human warmth and 
comfort, the dying patient is kept com- 
pany by cardiac pacemakers and de- 
fibrillators, respirators, aspirators, oxy- 
genators, catheters, and his intravenous 
drip. 

But the loneliness is not confined to 
the dying patient in the hospital bed. 
Consider the increasing number of old 
people who are still alive, thanks to 
medical progress. As a group, the elder- 
ly are the most alienated members of 
our society. Not yet ready for 
world of the dead, not deemed fi for 
the worid of the living, they are shunted 
aside. More and more of them spend 
the extra years medicine has given them 
in *'homes for senior citizens," in 
chronic hospitals in nursing homes — 
waiting for the end. A^e have learned 
how to increase their years, but we 
have noi learned how to help them en- 
joy their days. And yet, we bravely and 
relentlessly push back the frontiers 
against death. 

Paradoxically, even the young and 
vigorous may be suffering because of 
medicine's success in removing death 
from their personal experience. Those 
born since penicillin represent the first 
generation ever to grow up without the 
experience or fear of probable un- 
expected death at an early age. They 
look around and see that virtually all 
of their friends are alive.. A thoughtful 
physician, Eric Cassell, has remarked 
on this in *'Death and the physician" 
(8, p. 76): 

[W)hile the gift of time must surely be 
marked as a great blessing, the perception 
of time, as stretching out endlessly before 
us, is somewhat threatening. Many of us 
function best under deadlines, and tend to 
procrastinate when time limits arc not set. 
., . . Thus, this unquestioned boon, the 
extension of life, and the removal of the 
threat of premature death, carries with it 
an unexpected anxiety: the anxiety of an 
unlimited future. 

In the young, the sense of limitless time 
has apparently imparted not a feeling of 
limitless opportunity, but increased stress 
and anxiety, in addition to the anxiety 
which results from other modern free- 
doms: personal mobility, a wide range of 
occupational cnoice, and independence 
from the limitations of class and familial 
patterns of work. ... A certain aimless- 
ncss (often ringed around with great social 
consciousness) characterizes discussions 
about their own aspirations. The future is 
endless, and their inner demands seem 
minimal. Although it may appear unchari- 
table to say so, they seem to be acting in 
a way best described as "childish*' — par- 
ticularly in their lack of a time sense. 
They behave as though there were no to- 
morrow, or as though the time limits im- 
^ posed by the biological facts of life had 
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become so vague for them as to be non- 
existent. 

Consider next the coming power over 
reproduction and genotype. We endorse 
the project that will enable us to con- 
trol numbers and to treat individuals 
with genetic disease. But our desires 
outrun these defensible goals. Many 
would welcome the chance to become 
parents without the inconvenience of 
pregnancy; others would wish to know 
in advance the characteristics of their 
offspring (sex, height, eye color, intelli- 
gence); still others would wish to design 
these characteristics to suit their tastes. 
Some scientists have called tor the use 
of the new technologies to assure the 
"quality" of all new babies (9). As one 
obstetrician put it; "The business of 
obstetrics is to produce optimum 
babies.'* But the price to be paid for 
the "optimum baby" is the transfer of 
procreation from the home to the labo- 
ratory and its coincident transformation 
into manufacture. Increasing control 
over the product is purchased by the 
increasing depersonalization of the pro- 
cess. The complete depersonalization of 
procreation (possible with the develop- 
ment of an artificial placenta) shall be, 
in itself, seriously dehumanizing, no 
matter how optimum the product. It 
should not be torgotten that human 
procreation not only issues new human 
beings, but is itself a human activity. 

Procreation is not simply an activity 
of the rational will. It is a more com- 
plete human activity precisely because 
it engages us bodily and spiritually, as 
well as rationally. Is there perhaps 
some wisdom in that mystery of nature 
which joins the pleasure of 3Ca, the 
communication of Jove, and the des»ri 
for children in the very activity by 
which we continue the chain of human 
existence? Is not biological parenthood a 
built-in "mechanism," selected because 
it fosters and supports in parents an ad- 
equate concern for and commitment to 
their children? Would not the labora- 
tory production of human beings no 
longer be human procreation? Could it 
keep human parenthood human? 

The dehumanizing consequences of 
programmed reproduction extend be- 
yond the mere acts and processes of 
life-giving. Transfer of procreation to 
the laboratory will no doubt weaken 
what is presently for many people the 
best remaining justification and support 
for the existence of marriage and the 
family. Sex is now comfortably at home 
outside of marriage; child-rearing is 
progressively being given over to the 
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state, the schools, the mass media, and 
the child-care centers. Some have ar- 
gued that the family, long the nursery 
of humanity, has outlived its usefulness. 
To be sure, laboratory and govern- 
mental alternatives might be designed 
for procreation and child-rearing, but 
at what cost? 

This is not the place to conduct a 
full evaluation of the biological family. 
Nevertheless, some of its important vir- 
tues are, nowadays, too often over- 
looked. The family is rapidly becoming 
the only institution in an increasingly 
impersonal world where each person is 
loved not for what he does or makes, 
but simply because he is. The family is 
also the institution where most of us, 
both as children and as parents, acquire 
a sense of continuity with the past and 
a sense of commitment to the future. 
Without the family, we would have 
little incentive to take an interest in 
anything after our own deaths. These 
observations suggest that the elimina- 
tion of the family would weaken ties to 
past and future, and would throw us, 
even more than we are now, to the 
mercy of an impersonal, lonely present. 

Neurobiology and psyehobiology 
probe most directly into the distinc- 
tively human. The technological fruit 
of these sciences is likely to be both 
more tempting than Eve's apple and 
more "catastrophic" in its result (10)., 
One need only consider contemporary 
drug use to see what people are willing 
to risk or sacrifice for novel experi- 
ences, heightened perceptions, or just 
"kicks." The possibility of drug- 
induced, instant, and effortless gratifica- 
tion will be welcomed. Recall the possi- 
bilities of voluntary self-stimulation of 
the brain to reduce anxiety, to heighten 
pleasure, or to create visual and audi- 
tory sensations unavailable through the 
peripheral sense or^ ns. Once these 
techniques are perfected and safe, is 
there much doubt that they will be 
desired, demanded, and used? 

What ends will these techniques 
serve? Most likely, only the most ele- 
mental, those most tied to the bodily 
pleasures. What will happen to thought, 
to love, to friendship, to art, Co judg- 
ment, to public-spiritedness in a society 
with a perfected technology of pleas- 
ure? What kinds of creatures will we 
become if we obtain our pleasure by 
dru^ or electrical stimulation without 
the usual kind of human efforts and 
frustrations? What kind of society will 
we have? 

We need only consult Aldous Hux- 
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!ey*s prophetic novel Brave New World 
for a likely answer to these questions. 
There we encounter a society dedicated 
to homogeneity and stability, admin- 
istered by means of instant gratifications 
and peopled by creatures of human 
shape but of stunted humanity. They 
consume, fornicate, take "soma," and 
operate the machinery that makes it all 
possible. They do not read, write, think, 
love, or govern themselves. Creativity 
and curiosity, reason and pas«ron, exist 
only in a rudimentary and multilated 
form. In short, they arc not men at all. 

True, our techniques, like theirs, may 
in fact enable us to treat schizophrenia, 
to alleviate anxiety, to curb aggressive- 
ness. We, like they, may indeed be able 
to save mankind from itself, but prob- 
ably only at the cost of its humanness. 
In the end, the price of relieving man's 
estate might well be the abolition of 
man (//). 

There are, of course, many other 
routes leading to the abolition of man. 
There are many other and better known 
causes of dchumanization. Disease, 
starvation, mental retardation, slavery, 
and brutality — to name just a few — 
have long prevented many, if not most, 
people from living a fully human life. 
We should work to reduce and even- 
tually to eliminate these evils. But the 
existence of these evils should not pre- 
vent us from appreciating that the use 
of the technology of man, uninformed 
by wisdom concerning proper human 
ends, and untempered by an appropri- 
ate humility and awe, can unwitMngly 
render us all irreversibly less than 
human. For, unlike the man reduced by 
disease or slavery, the people dehuman- 
ized a la Brave New World are not 
miserable, do not '<now that they are 
dehumanized, and, what \z worse, would 
not care if they knew. They are, in- 
deed, happy slaves, with a slavish hap- 
piness. 



Some Fundamental Questions 

The practical problems o[ distribut- 
ing scarce resources, of curbing the 
abuses of power, and of preventing 
voluntary dchumanization point beyond 
themselves to some large, enduring, and 
most difficult questions: the nature of 
justice and the good community, the 
nature of man and the good for man. 
My appreciation of the profundity of 
these questions and my own ignorance 
^^'^re them makes me hesitant to say 
lip" more about them. Nevertheless, 



previous failures to find a shortcut 
around them have led me to believe 
that these questions must be faced if 
we are to have any hope of under- 
standing where biology is taking us. 
Therefore, I shall try to show in outline 
how I think some of the larger ques- 
tions arise from my discussion of de* 
humanization and self-degradation. 

My remarks on dchumanization can 
hardly fail to arouse argument. It might 
be said, correctly, that to speak about 
dchumanization presupposes a concept 
of *'the distinctively human.** It might 
also be said, correctly, that to speak 
about wisdom concerning proper hu- 
man ends presupposes that such ends 
do in fact exist and that they may be 
more or less accessible to human under- 
standing, or at least to rational inquiry. 
It is true that neither presupposition is 
at home in modern thought. 

The notion of the "distinctively hu- 
man" has been seriously challenged by 
modern scientists. Darwinists hold that 
man is, at least in origin, tied to the 
subhuKian; his seeming distinctiveness 
is an illusion or, at most, not very im- 
portant. Biochemists and molecular 
biologists extend the challenge by blur- 
-ing the distinction between the living 
and the nonliving. The laws of physics 
and chemistry are found to be valid 
and are held to be sufficient for explain- 
ing biological systems. Man is a collec- 
tion of molecules, an accident on the 
stage of evolution, endowed by chance 
with the power to change himself, but 
only along determined lines. 

Psychoanalysts have also debunked 
the "distinctly human." The essence of 
man is seen to be located in those drives 
he shares with other animals — pursuit 
of pleasure and avoidance of pain. The 
so-called "higher functions" are under- 
stood to be servants of the more f - 
mentary, the more base. Any distinc 
tiveness or "dignity" that man has 
consists of his superior capacity for 
gratifying his animal needs. 

The idea of "human good" fares no 
better. In the social sciences, historicists 
and existentialists have helped drive 
this question underground. The former 
hold all notions of human good to be 
culturally and historically bound, and 
hence "mutable. The latter hold that 
values are subjective: each man makes 
his own, and ethics becomes simply the 
cataloging of personal tastes. 

Such appear to be the prevailing 
opinions. Yet there is nothing novel 
about reductionism, hedonism, and rela- 
tivism; these are doctrines with which 



Socrates contended. What is new is that 
these doctrines seem to be vindicated 
by scientific advance. Not only do the 
scientific notions of nature and of man 
flower into verifiable predictions, but 
they vield marvelous fruit. The techno- 
logical triumphs aie held to validate 
their scientific foundations. Here, per- 
haps, is the most pernicious result of 
technological progress — more dehuman- 
izing than any actual manipulation or 
technique, present or future. We are 
vsilnessing the erosion, perhaps the final 
erosion, of the idea of man as some- 
thing splendid or divine, and its re- 
placement with a view that sees man, 
no less than nature, as simply more raw 
material for manipulation and homog- 
enization. Hence, our peculiar mora! 
crisis. We are in turbulent seas without 
a landmark precisely because we ad- 
here more and more to a view of nature 
and of man which both gives us enor- 
mous power and, at the same time, 
denies all possibility of standards to 
gp'Hn its use. Though well-equipped, 
we .wiow not who we are nor where 
we are going. We are left to the acci- 
dents of our hasty, biased, and ephem- 
era! judgments. 

I^t us not fail to note a painful 
irony: our conquest of nature has made 
us the slaves of blind chance. We tri- 
umph over nature*s unpredictabilities 
only to subject ourselves to the still 
greater unpredictability of our capri- 
cious wills and our fickle opinions. 
That we have a method is no proof 
against our madness. Thus, engineering 
the engineer as well as the engine, we 
race our train we know not where 

(12) . 

While the disastrous consequences of 
ethical nihilism are insufficient to refute 
it, they invite and make urgent a re- 
investigation of the ancient and endur- 
ing questions of what is a proper life 
for a human being, what is a good 
community, and how are they achieved 

(13) . We must not be deterred from 
these questions simply because the best 
minds in human history have failed to 
settle them. Should we not rather be 
encouraged by the fact that they con- 
sidered them to be the most important 
questions? 

As I have hinted before, our ethical 
dilemma is caused by the victory of 
modern natural science with its non* 
teleological view of man. We ought 
therefore to reexamine with great care 
the modern notions of nature and of 
man, which undermine those earlier 
notion*; that provide a basis for ethics. 
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If we consult our common experience, 
we are likely to discover some grounds 
for believing that the questions about 
man and human good are far from 
closed. Our common experience sug- 
gests many diflicuUies for the modern 
"scientific view of man," For example, 
this view fails to account for tlie con- 
cern for justice and freedom that ap- 
pears to be characteristic of all human 
societies (24), It also fails to account 
for or to explain the fact that men have 
speech and not merely voice, that men 
can choose and act and not merely 
move or react. It fails to explain why 
men engage in moral discourse, or, for 
that matter, why they speak at all. 
Finally, the "scientific view of man" 
cannot account for scientific inquiry 
itself, for why men seek to know. Miglht 
there not be something the matter with 
a knowledge of man that does not ex- 
plain or take account of his most dis- 
tinctive activities, aspirations, and con- 
cerns (15)1 

Having gone this far, let me offer 
one suggestion as to where the dtflficulty 
might lie: in the modem understanding 
of knowledge. Since Bacon, as I have 
mentioned earlier, technology has in- 
creasingly come to be the basic justifi- 
cation for scientific inquiry. The end 
is power, not knowledge for its own 
sake. But power is not only the end. 
It is also an important validation of 
knowledge. One definitely knows that 
one knows only if one can make. Syn- 
thesis is held to be the ultimate proof 
of understanding (16). A more radical 
formula' ^n holds that one knows only 
what one makes: knowing equals mak- 
ing. 

Yet therein lies a difficulty. If truth 
be the power to change or to make the 
object studied, then of what do v/e have 
knowledge? If there are no fixed reali- 
ties, but only material upon which we 
may work our wills, will not "science" 
be merely the "knowledge" of the tran- 
sient and the manipulatable? We might 
indeed have knowledge of the laws by 
which things change and the rules for 
their manipulation, but no knowledge 
of the thir^b themselves. Can such a 
view of "science" yield any knowledge 
about the nature of man, or indeed, 
about the nature of anything? Our 
questions appear to lead back to the 
most basic of questions: What docs it 
mean to know? What is it that is 
krowablc (77)? 

We have seen that the practical prob- 
lems point toward and make urgent 
certain enduring, fundamental ques- 



tions. Yet while pursuing these ques- 
tions, we cannot afford to neglect the 
practical problems as such. Let us not 
forget Delgado and the "psychocivilizcd 
society." The philosophical inquiry 
could be rendered moot by our blind, 
confident efforts to dissect and redesign 
ourselves. While av/aiting a reconstruc- 
tion of theory, we must act as best we 
can. 



What Is To Be Done? 

First, we sorely need to recover some 
humility in the face of our awesome 
powers. The arguments I have pre- 
sented should make apparent the folly 
of arrogance, of the presumption that 
we are wise enough to remake our- 
selves. Because we lack wisdom, cau- 
tion is our urgent need. Or to put it 
another way, in the absence of that 
"ultimate wisdom," we can be wise 
enough to know that we are not wiso 
enough. When we lack sufficient wis- 
dom to do, wisdom consists in not 
doing. Caution, restraint, delay, absten- 
tion are what this second-best (and, 
perhaps, only) wisdom dictates with 
respect to the technology for human 
engineering. 

If wc can recognize that biomedical 
advances carry significant social costs, 
we may be willing to adopt a less per- 
missive, more critical stance toward 
new developments. We need to reex- 
amine our prejudice not only that all 
biomedical innovation is progress, but 
also that it is inevitable. Precedent cer- 
tainly favo**: the view that what can be 
done will be done, but \^ this necessarily 
so? Ought we not to be suspicious when 
technologists speak of coming develop- 
ments as automatic, not subject to 
human control? Is there not something 
contradictory in the notion that we 
have the power to control all the un- 
toward consequences of a technology, 
but lack the power to determine 
whether it should be developed in the 
first place? 

What will be the likely consequences 
of the perpetuation of our permissive 
and fatalistic attitude toward human 
engineering? How will the large deci- 
sions be made? Tcchnocratically and 
self-servingly, if our experience with 
previous technologies is any guide. 
Under conditions of laissez-faire, most 
technologists will pursue techniques, 
and most private industries will pursue 
profits. We are fortunate that, apart 
from the drug manufacturers, there are 



at present in the biomedical area few 
large industries that influence public 
policy. Once these appear, the voice of 
"the public interest" will have to shout 
very loudly to be heard above their 
whisperings in the halls of Congress. 
Theue reflections point to the need for 
institutional controls. 

Scientists understandably balk at the 
notion of the regulation of science and 
technology. Censorship is ugly and 
often based upon ignorant fear; bureau- 
cratic regulation is often stupid and 
inefficient. Yet there is something dis* 
ingenuous about a scientist who pro- 
fesses concern about the social conse- 
quences of science, but who responds 
to every suggestion of regulation with 
une or both of the following: "No 
restrictions on scientific research," and 
"Technological progress should not be 
curtailed." Surely, to suggest that cer- 
tain technologies ought to be regulated 
or forestalled is not to call for the halt 
of all technological progress (and says 
nothing at all about basic research). 
Each development should be considered 
on its own merits. Although the dan- 
gers of regulation cannot be dismissed, 
who, for example, would still object to 
efforts to obtain an effective, complete, 
global prohibition on the development, 
testing, and use of biological and nucle- 
ar weapons? 

The proponents of laissez-faire ignore 
two fundamental points. They ignore 
the fact that not to regulate is as much 
a policy decision as the opposite, and 
that it merely postpones the time of 
regulation. Controls will eventually be 
called for — as they arc now being de- 
manded to end environmental pollution. 
If attempts arc not made eariy to de- 
tect and diminish the social costs of 
biomedical advances by intelligent 
institutional regulation, the society is 
likely to react later with more sweeping, 
immoderate, and throttling controls. 

The proponents of laissez-faire also 
ignore the fact that much of technology 
is already regulated. The federal gov- 
ernment is already deep in research and 
development (for example, space, elec- 
tronics, and weapons) and is the princi- 
pal sponsor of biomedical research. One 
may well question the wisdom of the 
direction given, but one would be wrong 
in arguing that technology cannot sur- 
vive social control. Cleariy, the ques- 
tion is not control versus no control, 
but rather what kind of control, when, 
by whom, and for what puipose. 

Means for achieving international 
regulation and control need to be de- 
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vised. Biomedical technology can be no 
nation's monopoly. The need for inter- 
national agreements and supervision 
can readily be understood if we con- 
sider the likely American response to 
the successful asexual reproduction of 
10.000 Mao Tse-tungs. 

To repeat, the basic short-term need 
is caution. Practically, this means that 
we should shift the burden of proof to 
the proponents of a new biomedical 
technology. Concepts of "risk" and 
^•cost" need to be broadened to include 
some of the social and ethical conse- 
quences discussed earlier. The probable 
or possible harmful effects of the wide- 
spread use of a new technique should 
be anticipated and introduced as *'costs" 
to be weighed in deciding about the 
first use. The regulatory institutions 
should be encouraged to exercise re- 
straint and to formulate the grounds 
for saying "no." Wc must all get used 
to the idea that biomedical technology 
makes possible many things we should 
never do. 

But caution is not enough. Nor are 
clever institutional arrangements. Insli- 
tutions can be Kttle better than the 
people who make them work. However 
worthy our intentions, wc are deficient 
in understanding. In the hnu run, our 
hope ran only lie in education r in a 
public educated about the meanings and 
limits of science and enlightened in its 
use of technology: in scientists better 
educated to understand the relation- 
ships between science and technology 
on the one hand, and ethics and poli- 
tics on the other; in human beings who 
arc as wise in the latter a:> they are 
clever in the fonncr. 
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Curiously, as Aldous Huxley*s Brave New 
World KHarper A Row. New York. 1969)1 
suggests, the implK'it goal of the biomedical 
technology could well be said to be the re* 
versal of the Fall and a return of man to 
the hedonic and immortal existence of the 
Garden of Eden. Yet I csn point to at least 
two problems. First, the new Garden of Eden 
will probably have no gardens; the received, 
splendid world of nature will be buried be- 
neath asphalt, concrete, and other human 
fabrications, a transformation that is already 
far along. (Recall that in Bra\e New World 
elaborate con sumption oriented, mechanical 
amusement parks—featuring, for example, 
centrifugal bumble-puppy— had supplanted 
wilderness and even ordinary gardens.) Sec- 
ond, the new Inhabitant of the new "Garden" 
will have to be a creature for whom we have 
no preceden' a creature as difficult to imag- 
ine as to bring Into existence. He will have 
to be simu'taneously an innocen* like Adam 
and a technological wizard who keeps the 
"Garden" running, (t am indebted to Dean 
Robert Gold win, St. John's College, for this 
last insight,) 

11. Some scientists naively believe that an engi- 
neered increas«> In human intelligence will 
steer us in the right direction. Surely we have 
learned by now that intelligence, whatever It 
is and however measured, is no! synonymous 
with wisdom and that, if harnessed tc ii^t 
wrong ends, it can cleverly perpetrate great 
folly and evil. Given the activities in which 
many, if not most, of our best minds are now 
engaged, we should not simply reioice in the 
prospect of enhancing IQ. On what would this 
increased intelligence operate? At best, the 
programming of further increases in IQ. It 
would design and operate techniques for pro- 
longing life, for engineering reproduction, for 
delivering gratifications. With no gain in wis. 
dom, our gain in intelligence can only en- 
hance the rate of our dehumanization. 

12. The philosopher Hans Jonas has made the 
identical point: "Thus the slow-working acci- 
dents of nature, which by the very patience of 
their small increments, large numbers^ and 
gradual decisions, may well cease to be 'acci- 
dent* in outcome, are to be replaced by the 
fast-workinK accidents of man's hast> and 
biased decisions, not exposed to the long test 
of ihe aKcs. His uncertain ideas arc to set the 
KojK of generations, with a certainly bor- 
rowed from the presumptive certainty of the 
means. The latter presumption is doubtful 
enough, but this doubtfulness becomes second- 
ary to the prime question that arises when 
man i.ndced undertakes to 'make himself: in 
what imajic of his own devising shall he do 
so. even Rranted that he can be sure of the 
n.^aiis? In fact, of course, he can be sure of 
neither, not of the end. nor of the means, 
once he enters the realm where he plays with 
the roots of life. Of one thing only can he be 
sure: of his power to move the foundations 
and to :ause incalculable and irreversible con- 
sequences. Never was so much power cou- 
pled with so little guidance for its use." 
U. Cent. Conf. Anier. Hahi)is (January 1968), 
p. 27,1 These remarks demonstrate that, 
contrary to popular belief, we are not even 
on the right road toward a rational under- 
standing of and rational control over human 
nature and human life. It is indeed the height 
of irrationality triumphantly to pursue ta- 
tionalized technique, while at the same time 
insisting (hat questions of ends, values, and 
purposes lie beyond rational discourse, 

13. It is encouraging to note that these q:jestions 
are seriously being raised in other quarters— 
for example, by persons concerned with the 
decay of cities or the pollution of nature. 
There is a growing dissatisfaction with ethical 
nihilism. In fact, its tenets are unwittingly 
abandoned, by even its staunchest adherents, 
in any discussion of "what to do." For ex- 
ample, in the biomedical area» everyone, in- 
cluding the most unreconstructed and techno- 
cratic reduct'onist, finds himself speaking 
about the use of powers for "human better- 
ment.** He has wandered unawares onto ethi- 



cal ground. One cannot speak of *'human 
betterment" without considering what is meant 
by the human and by the related notion of the 
good for man. These questions can be avoided 
only by asserting that practical matters reduce 
to tastes and power, and by confessing that 
the use of the phrase **human betterment** is 
a deception to cloak one*s own will to power. 
In other words, these questions can be avoided 
only by ceasing to discuss, 

14. Consider, for example, the widespread ac- 
ceptance, in the legal systems of very diiTer- 
ent societies and cultures, of the principle 
and the practice of third-party adjudication of 
disputes. And consider why, although many 
societies have practiced slavery, no slave- 
holder has preferred his own enslavement to 
his own freedom. It would seem that some 
notions of Justice and freedom, as well as 
right and truthfulness, are constitutive for any 
society, and that a concern for these values 
ma> a fundamental characteristic of 
"human nature* 

15. Scientists may. ot course, continue to believe 
in righteousness or justice or truth, but these 
beliefs are not grounded In their ''scientific 
knowledge" of man. They rest instead upon 
the receding wisdom of an earlier age. 

16. This belief, silently shsred by many contem- 
porary biologists, has recently been given the 
following clear expression: "One of the acid 
tests of understanding an object is the ability 
to put it together from Its component parts. 
Ultimately, molecular biologists will attempt to 
subject their understanding of all structure anJ 
function to this sort of test by trying to syn- 
thesize a cell. It is of some interest to sec 
how close we are to this gotl," IP. Handler, 
Ed, Biotoxy rAd the Future of Man (Oxford 
Univ. Press, New York. 1970). p. 55.] 

17. When an earlier version of this article 
was presented publicly, it was criticized 
by one questioner as being "antiscientific." 

9 He suggested that my remarks "were the 
kind that gave science a bad name." He 
went on to argue that, far from being the 
enemy of morality, the pursuit of truth was 
itself a highly moral activity, perhaps the 
highest. The relation of science and morals is 
a long and difficult question with an illustri- 
ous history, and it deserves a more extensive 
discussion than space permits. However, be- 
cause some readers may share the questioner's 
response, I offer a brief reply. First, on the 
matter of repuUtion, we should recall that the 
pursuit of truth may be in tension with keep- 
ing a good name (witness Oedipus. Socrates, 
Galileo, Spinoza, Solzhenltsyn). For most of 
human hUtory. the pursuit of truth (including 
"science") was not a reputable activity among 
the many, and was. in fact, highly suspect. 
Even today, it \% doubtful whether more than 
a few appreciate knowledge as an end in it- 
self. Science has acquired a "good name" in 
recent times largely because of its technologi- 
cal fruit: it is therefore to be expected that a 
disenchantment with technology will reflect 
badly upon science, Second, my own attack 
has not been directed against science, but 
against the use of some technologies and, 
even more, against the unexamined belief— 
indeed, I would say, superstition — that all 
biomedical technology is an unmixed blessing. 
1 share the questioner's belief that the pursuit 
of truth is a highly moral activity. In fact. I 
am inviting him and others to Join in a pur- 
suit of the truth about whether all these new 
techno'ogies are really good for us. This is a 
question that merits and is susceptible of serl* 
ous intellectual inquiry. Finally, we must ask 
whether what we call "Klence" has a monop- 
oly on the pursuit of truth. What is "truth"? 
What is knowable, and what does it mean to 
know? Surely, these are also questions that 
can be examined. Unless we do so. we shall 
remain ignorant about what "science" is and 
about what it discovers. Yet "science"— that 
Is. modem natural Kiencc— cannot begin to 
answer them; the, are philosophical questions, 
the very ones I am trying to raise at this 
poin* in the text. 
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In recent years widespread public con- 
cern has developed in the United States 
over encroachments on privacy and con- 
fidentiality in many areas of American 
life. This concern has led to a proliferation 
of regulations and legislative proposals at 
local, state, and federal levels. Although 
the medical and epidemiologic research 
community has been highly successful in 
protecting the confidentiality of personal 
informatton obtained for research pur- 
poses, attention has nonetheless focused 
on possible threats to privacy that may 
be associated with research involving hu- 
man subjects. The Privacy Act of 1974 
(P.L. 93-579) was designed to ensure that 
personal information about individuals 
collected by federal agencies would be 
limited to that which is legally authorized 
and necessary and that the information 
would be maintained in a manner that 
would preclude unwarranted intrusions 
upon individual privacy. In addition, the 
act provided for creation of the Privacy 
Protection Study Commission, which 
subsequently made recommendations to 
Congress and to the President regarding 
various record-keeping practices in the 
private sector and the use of such rec- 
ords for research purposes (/). 

In this article, we present an overview 
of the implications of the privacy and 
confidentiality issue for future medical 
and epidemiologic research in the United 
States. We first describe briefly the im- 
portance of population-based biomedical 
research; second, show how esv^ntial 
the use of medical records with individ- 
ually identifiable information has been in 
the past; third, describe some of the 
health problems for which knowledge 
based on use of medical records is des- 
perately needed; and finally, describe the 
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safeguards that are in effect for pro- 
tecting the rights to privacy of human re- 
search subjects. 

The Society tor Epidemiologic Re- 
search and the Association of American 
Medical Colleges are committed to pro- 
tecting the confidentiality of the medical 
and personal data obtained m the course 
of research activities. We believe that 
privacy protection can best be accom- 
plished through the regulations of the 
Department of Health, Education, and 
Welfare that are now in force and 
through new legislation based largely on 
the recommendations made by the Pri- 
vacy Protection Study Commission in its 
report to Congress. 



Population*Based Health Research 

Epidemiology is the study of the distri- 
bution and dynamics of disease in human 
populations. Its purpose is to identify 
specific agents or factors, related to 
people and their environment, that may 
cause disease or identify people who arf 
at high risk for developing a disease. Iti 
so doing, epidemiology provides the 
basis for public health programs de- 
signed to prevent and control disease. 
Prevention can be effected by reducing 
or eliminating exposure to a specific fac- 
tor once its importance in producing dis- 
ease has been demonstrated. There are 
at leaii two important reasons why iden- 
tification of people at high risk for dis- 
ease is desirable: (i) measures can be 
adopted to prevent such people from de- 
veloping disease and (ii) medical super- 
vision and screening tests can be pro- 
vided when appropriate, so that if they 
do develop disease, their illnesses can be 
identified at an early stage. 

Among the public health programs 
aided by knowledge resulting from epi- 
demiologic investigations are those di- 
rected at preventing and controlling con- 
ditions such as infectious and cardiovas- 
cular diseases, cancer, and stroke. Epi- 
demiologic methods are also essential for 
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evaluating the eflficacy of new preventive 
and therapeutic measures and any pos- 
sible harmful side effects they may have. 
For example, the possible harmful ef- 
fects of immunization against swine fiu 
required epidemiologic investigations 
which, indeed, were responsible for 
demonstrating the relation between im- 
munization and development of the Guil- 
lain-Barre syndrome (2). 



M^ior Health Studies That 
Required Use of Medical Records 

The major contributions of epidemiol- 
ogy to the understanding of disease have 
been based on studies in which medical 
and other vital records of many people 
were used, both for their data and for 
identifying those individuals appropriate 
for subsequent study. The studies were 
often conducted many years after the in- 
formation was recorded. Their impor- 
tance can be demonstrated by the follow- 
ing examples. 

1) Cancer. Studies which demon- 
strated (i) the relationship of cigarette 
smoking to lung cancer, coronary heart 
disease, bladder cancer, and other condi- 
tions (i-^); ui) an increased cancer risk 
associated with occupational exposure 
to substances such :fs asbestos and vinyl 
chloride (7'I4)\ (iii) the increased risk of 
several types of cancer after exposure to 
radiation {l5-24)\ (iv) that the aghters 
of women who received the hormone 
diethylstilbestrol (DES) during preg- 
nancy have an increased risk of devel- 
oping vaginal cancer (25); and (v) that 
women taking estrogens for menopausal 
symptoms have an increased risk of de- 
veloping endometrial or uterine cancer 
(26-25). 

2) Cardiovascular diseases. Studies 
which demonstrated (i) that high blood 
lipids, high blood pressure, and smoking 
shorten life expectancy, particularly 
through coronary heart disease {29-34)\ 
(ii) that women taking oral contracep- 
tives have an u :reased risk of develop- 
ing thromb^^mbolism or stroke (35^39); 
and (iii) that administration of anti- 
coagulants to patients with myocardial 
infarctions is associated with lower post- 
infarction mortality rates {40, 41), 

3) Infectious diseases. Studies which 
led to the development of vaccines for 
poliomyelitis, measles, and other infec- 
tious diseases (42^5). and studies which 
showed that cases of polio subsequent to 
polio immunization in 1955 resulted from 
a vaccine lot contaminated with live vi- 
rus (^/d). 

4) Child health. Studies which demon- 
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strated (i) that the administration of high 
concentrations of oxygen to premature 
infants results in blindness {47-49); (ii) 
hat rubella (German measles) or other 
/iral infection of the mother during preg- 
nancy can produce congenital malforma- 
tions in the infant (5(^-55); (iii) that radia- 
tion exposure of the mother during preg- 
nancy is associated with an increased 
risk of congenital malfonnations and 
childhood cancer in her offspring (/5- 
/7); (iv) thit Rh disease (erythroblastosis 
fetalis) in newborns can be prevented 
(56, 57): and (v) that comprehensive cire 
programs for inner-city children and 
youth are effective in reducing rates of 
rheumatic fever (55). 

These are but a handful of the studies 
which have produced important direct 
benefits for human health by identifying 
the factors associated with increased risk 
of disease, facilitating the development 
of preventive methods, and evaluating 
new ways of providing medical care and 
organizing health care delivery. (Some of 
these studies are considered in greater 
detail later.) It would be tragic if the po- 
tential benefits to society of such re- 
search were lost as a result Of restric- 
tions placed on thv* information available 
to researchers. 



Information That Identifies Individuals 

In order to carry out epidemiologic re- 
search, it is often necessary to identify 
individuals with specific diseases or dis- 
abilities, or individuals who share some 
comnion env!ronmeit:al exposure Medi- 
cal records ar.* essential for identifying 
populations with specific dii^- «es and 
for obtaining derailed historic. clinical, 
and lal)oratory information about indi- 
vidual patients. Access to these records 
is only a first step in identifying and 
evaluating patients with the particular 
disease under study so that they can sub- 
sequently be contacted and, with their 
informed consent, interviewed and stud- 
ied further. Identification of individuals 
durinp the time the research is conducted 
is also essential to link records from dif- 
ferent sources for a given person— rec- 
ords such as those kept by physicians, 
hospitals, and employers as well as birth 
and death certificates when appropriate. 
Identifying information about healthy 
persons (nonpatients) must also be made 
available for making comparisons when 
determining the cause of a disease. With- 
out individually identifying information, 
which is essential for follow-up and rec- 
ord* linkage, it would virtually impos- 
O e to carry out eptuemiologic studies 



of the etiologic characteristics, risk fac- 
tors, natural history, and prognosis of a 
disease. Nor could studies be conducted 
in which new approaches to prevention, 
early detection, treatment, and delivery 
of health services are developed. 

Patient Consent 

Much population-based research 
would be very difficult to carry out if pri- 
or patient consent were required in order 
for the investigator to have access to 
medical records. The studies we de- 
scribed earlier were frequently con- 
ducted many years after the medical in- 
formation was originally recorded, since 
the state of knowledge at the time the in- 
formation was obtained may not even 
have permitted the study to be con- 
ceived. Thus patients' consents could 
not possibly have been obtained, in addi- 
tion, reviewing medical records is often 
the first step used to identify patients 
with a given disease so that they may 
subsequently be traced, contacted, and, 
with their permission, studied further. 
Any requirement that patient consent be 
obtained before any medical record is re- 
viewed would, therefore, be extremelv 
destructive to medical and epidemiologic 
research. 

Redlsclosure 

Provisions that allow rcdisclosurc or 
rereleasc of information for research or 
health statistics purposes (while main- 
taining safeguards of con^dcntiality and 
privacy) arc extremely important, as the 
following example will illustrate. Be- 
cause of the increasing importance of the 
problem of cancer, many cities and 
states are establishing cancer registries. 
These are lists of newly identified cancer 
patients, and they are designed to facili- 
tate the long-term care of cancer pa- 
tients, to alert health officials quickly to 
clusters of new types of cancer (which 
may reflect a new exposure to a carcino- 
gen), and to permit investigators to iden- 
tify all p?!icnts with a particular cancer 
so that the cause of that cancer can be 
investigated through well-designed epi- 
demiologic studies. 

Cancer regi .tries generally obtain their 
data from hospitals and pathology labo- 
ratories. A registry \vould be of very lim- 
ited use, however, were it not possible 
for the registry to go tl. next step and 
make its data available to legitimate can- 
cer investigators. Thus rereleasc of in- 
formation with appropriate safeguard'^ is 
essential. 
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A second example of the importance 
of rereiease concerns a large-scale study 
of women who had been exposed to x- 
rays during pregnancy. The study ad- 
dressed the question of whether children 
from such pregnancies had an increased 
risk of developing cancer. Some years 
later, an investigator who had not been 
part of the original study team became 
interested in the reproductive histories 
of the children (who were by then fully 
grown) an'" !n the status of their chil- 
dre-^'s health. The children of the first 
sti dy were contacted and asked a varie- 
ty of medical and social questions. This 
was possible only because the data from 
the original study, including identifying 
information at>out individual subjects, 
were rereleased to the investigator. 
Throughout, rigid safeguards were main- 
tained to protect the confidentiality of all 
data. 



Research Use of Medical Records: 
Further Examples 

D'wthyhtUhestfol .md vaginal cancer. 
A few years ago, investigators in Boston 
demonstrated through an epidemiologic 
study that when mothers had been given 
DES during pregnancy to prevent mis- 
carriage, female offspring U m these 
pregnancies had an increased risk of de- 
veloping a rare type of vaginal cancer 
when they reached adolescence (25). 
(This finding has important implications, 
since for many years DES was added to 
livestock feed in the United States.) 
Three features ure particulariy notewor- 
thy: (i^ the cancer did not appear in the 
person taking the medication but only in 
^cr female offspring: (ii) the cancer ap- 
peared some 15 to 20 years af^er ex- 
posure to DES. so it was necessary to go 
back many years to determine exposures 
and to identify the drugs taken in preg- 
nancy: and (iii) the girls and young wom- 
en who had this cancer were first identi- 
fied through their medical records—only 
then could their mother, be contacted 
and studied further. If such use of medi- 
cal records had been prohibited, or had 
been permitted only with the consent of 
the patient, this study— perhaps the first 
demonstration in human beings of trans- 
placental carcinogenesis— would have 
been extremely difficult or impossible to 
Cf ryout. 

There may be other carcinogens that 
mothers should avoid during pregnancy 
because of the hazard to their children. 
To identify these agents, rigorous epi- 
demiologic investigations in which medi- 
cal records are used are needed to pro- 
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tect the health of women and their chil- 
dren. 

Occupational cancers. Workers in 
certain industries are often subjected to 
high concentrations of potentially toxic 
substances. For example, workers ex- 
posed to vinyl chloride were shown to 
have an increased risk for liver cancer 
(12-14), This finding, which has now 
been confirmed, was obtained by review- 
ing and correlating the medical, work, 
and death records jf large groups of em- 
ployees in specific industries. Without 
access to these records it would have 
been impossible to identify and confirm 
vinyl chloride as a cause of cancer. Also, 
had there been a requirement that patient 
consent be obtained before the records 
were made available, these studies could 
not have been carried out because many 
pr,tients had died by the time the study 
was d' ne or had moved and could not be 
traced. 

We have only begun to scratch the sur- 
face with respect to the toxic and cancer- 
producing potentials of substances to 
which workers are exposed during their 
daily labor. Any restriction that would 
preclude the identification of harmful 
substances and the documentation of 
their effects would be a major setback. 

Oral contraceptives {the "piir'}. Al- 
though the pill has been demonstrated to 
be a highly effective and convenient form 
of birth control and has been adopted by 
many women, many epidemiologic stud- 
ies have demonstrated that women who 
take the pill for long periods of time in- 
crease their risk for blood clots, strokes, 
heart attacks, high blood pressure, liver 
tumors, gallbladder disease, congenital 
malformations in their offspring, and oth- 
er conditions {35-39). These important 
findings were primarily the result of 
large-scale studies in which hospital and 
medical records were used— studies 
which, again, would have been impos- 
sible to carry out had patient consent 
been required. Epidemiologic studies of 
the efl'ects of ^Jrugs like the pill are criti- 
cal for protecting the health and well- 
being of the public. 

Radiation. One of the questions posed 
by the accident at Three Mile Island m 
Pennsylvania has been. How serious is 
the potential risk to residents of the area 
who may have been exposed to radiation 
from the reactor? We know that high lev- 
els of radiation are extremely hazardous 
to human beings, but what is not known 
with any certainty is the extent of the 
hazard posed by low levels of radiation. 
In order to generate data on the hazards 
presented by low levels of radiation, it is 
necessary to collect information on a 



f >pulation that was exposed to low-level 
radiation. If such a population were iden- 
tified, we would attempt to trace its 
members and obtain any relevant physi- 
cian records, hospital records, or death 
certificates. For comparison purposes, it 
would be necessary to identify a similar 
but unexposed population and obtain 
similar records for its members to deter- 
mine the rate of disease in that popu- 
lation. Only in this way could we deter- 
mine whether the exposed group nas 
more disease than the group that was not 
exposed. For the conclusions to be valid, 
complete records must be available for 
both groups. It would be necessary to 
know names and addresses, to have ac- 
cess to their medical and vital records 
with personal identifiers included, and to 
establish procedures for tracing, recon- 
tacting, and following up the members of 
both populations to determine all epi- 
sodes of serious illness and dc^th. If ac- 
cess to these records is restricted, Amer- 
icans will be denied information on the 
hazards of low-level radiation. It is, 
therefore, essential that Congress ensure 
that legitimate medical and epidemiolog- 
ic researchers have unhindered access to 
medical records. Such access, naturall). 
must be conditional on the demonstra- 
tion by the investigator to his institution- 
al review board (IRB) that he has pro- 
vided adequately for protection of the 
privacy of the subjects in his study, as 
described below. 



Existing Safeguards for 
Protecting Confidentiality 

All epidemiologists and medical re- 
searchers have a major professional and 
personal responsibility to minimize in- 
vasion of privacy as much as possible 
and to protect vigorously the con- 
fidentiality of the data in their posses- 
sion. The provisions of the National Re- 
search Act (P.L. 93-348) (especially its 
implementing regulations on protection 
of human subjects) codify an elaborate 
system of safeguards, currently in opera- 
tion within the scientific community, to 
prevent violation** of the rights of pa- 
tients for purposes of research. Each in- 
vestigator must justify to the IRB the ra- 
tionale for subjecting any human re- 
search subject to any risk— including in- 
vasion of privacy— and must demon- 
strate the measures he or she is taking 
to ensure the confidentiality of all per- 
sona! and medical data obtained in the 
course of the research (59-63). Inves- 
tigators must assure the IRB that re- 
search data will be kept under lock and 



key, and must specify who will have ac- 
cess to the data, how and at what point in 
the research personal information will be 
effectively separated from other data, 
and whether or not the data will be re- 
tained at the close of the study, and if so, 
why. The IRB thoroughly reviews inter- 
view instruments and questionnaires, the 
consent statement, and any accom- 
panying material— all of which must be 
sufficiently informative and under- 
standable to enable the subjects to make 
an informed decision about participating. 
If the subjects are patients, they are reg- 
ularly assured that their care will not be 
jeopardized in any way by their failure to 
participate. All subjects are assured that 
they are free to withdraw from a study at 
any time. Many of these provisions are 
spelled out in current regulations of the 
Department of Health, Education, and 
Welfare. 



Immunity from Subpoena 

It should be apparent that epidemio- 
logists and other medical investir'^tors 
are keenly sensitive to the chalL ge of 
ensuring confidentiality of data and pro- 
tection of the privacy of research sub- 
jects. However, one important issue re- 
mains to be resolved, namely, the pro- 
tection from subpoena of data gathered 
for research purposes. At present, no 
such protection is guaranteed in most re- 
search areas. Although an investigator 
may make the maximum effort to safe- 
guard the confidentiality of information 
he obtains, such information remains 
subject to subpoena by a court of law. 
Therefore absolute assurance of con- 
fidentiality cannot be made to research 
subjects. Provision must be made for 
data obtained for research purposes to 
be immune from subpoena except under 
precisely stated extreme circumstances. 



Current Challenges 

Among the major public health prob- 
lems in the United States are cancer, car- 
diovascular disease, and infectious dis- 
eases such as hepatitis, venereal disease, 
and influenza. Many cancers today are 
probably environmentally determined. 
In an interview some time ago. Dr. Ar- 
thur C. Upton, director of the National 
Cancer Institute, responded to a ques- 
tion about research needs in the cancer 
field by saying, "We need a lot more 
good epidemiology. It can tell us not on- 
ly about environmental factors but also 
about genetic influences, and we really 
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do need to know about both/' Upton's 
comments could also apply to research 
if* cardiovascular diseases, high blood 
pressure, stroke, neurological diseases 
(incliding epilepsy), diabetes, arthritis, 
digf.stive diseases— indeed, to virtually 
a^l chronic and many infectious condi- 
tions. 

The effects on human health of new 
diugs and other chemicals iv the envi- 
ronment can only be identified through 
epidemiologic and other investigations, 
most of which depend on the availability 
of medical records. The maintenance of 
health and improvement of protection 
from environmental hazards requires the 
facilitation of epidemiologic research 
and the continued availability cf medical 
records. 

Society has a vital stake in epidemio- 
logic and other medical research. We 
must ensure that the dignity and privacy 
of subjects will be protected without 
hindering the advancement of knowledge 
of disease. The social contract that facili- 
tates the existence of individuals within 
social groups requires that each individ- 
ual occasionally yield some of his rights, 
including privacy and freedom of action, 
for the benefit of society as a whole. 
Compliance with traffic regulations and 
with income tax laws are but two ex- 
amples of the interactive workings of the 
social contract. Each society must de- 
cide when a limited compromise of indi- 
vidual rights is justified by the potential 
benefits to be derived by the community 
as a whole. Investigations of the etiology 
and natural history of disease and of the 
effectiveness of preventive and thera- 
peutic interventions are of great poten- 
tiai benefit to society, but the conduct of 
such studies requires that, with proper 
safeguards, individually indentifiable 
data from medical records continue to be 
made accessible for medical and epi- 
demiologic research. 
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During the first half of the 20th centu* 
ry, up until the late 1950's, American 
physicians enjoyed social esteem and 
prestige along witn an admiration for 
their work that was unprecedented in 
any age. Medicine was the model profes- 
sion, and public opinion polls from the 
1930's to the 1950*s consistendy con- 
firmed that physicians were among the 
most highly admired individuals, compa- 
rable to or better than Supreme Court 
justices (/). Highbrow and mass media 
commentators alike associated medical 
practice with the **miracles" of science 
and maue few adverse comments on the 
profession (2). By the 1970's, however, 
statesmen of medicine were writing un- 
happily about being "deprofessiona- 
Uzed** in the wake of attacks by articu- 
late and knowledgeable critics, attacks 
that by 1981 were reflected specifically 
in substantial mistrust of the profession 
among the public at large (i. 4), One can 
conduct a historical postmortem of this 
unexpected turn of events by examining 
changes in direct public depreciations of 
the medical profession, using the differ- 
ent kmds and levels of criticism of 
M.D.'s as indicators of what happened. 

The attitudes of leaders and shapers of 
opinion and of the public toward physi- 
cians did not translate directly into the 
behavior of patients. For economic and 
social reasons, amounts of money spent 
by Americans on medicine continued to 
increase dramatically even when atti- 
tudes changed. But, as was revealed 
both by polls and by a resurgence of 
alternatives to conventional medical 
practice, over time the critics not only 
affected doctors* sensibilities but also 
demonstrably damaged the social credi- 
bility of the profession as a whole (4, 5). 
Since public acceptance is necessary for 
a profession to function, the criticism 
had tangible effects. 

A long and honorable tradition of deni- 
grating doctors was known to Aristopha- 
nes and Molidre and continued to flour- 
ish in 19th-century America (6). As late 
as 1908 a set of satirical ''Medical max- 



ims" in this trad . ion included, for exam- 
ple (7): 

Diagnose for the rich neurasthenia, brain* 
storai, gout and appendicitis; for the poor 
insanity, delirium tremens, rheumatism and 
gall-stones . . . fatten the thin, thin the fat; 
stimulate the depressed, depress the stimulat- 
ed; cure the sick, sicken the cured; but above 
all, keep them alive or you won't get your 
money. 

But in those same eariy years of the 20th 
century, the Uradition of doctor baiting 
tended to die out as the golden age of 
medicine dawned. Whereas the post- 
1950's resuigence of criticism that culmi* 
nated in Ivan Illich's Medical Nemesis 
(S) recalled traditional themes such as 
physician greed, pretension, ?iid imposi- 
tion, the later critics were also respond- 
ing to new and untraditional characteris- 
tics of both medical practice and Ameri- 
can society (9). Moreover, the few par- 
ticular criticisms that survived in the 
golden age helped shape and define the 
new deluge. 



Evolution of the Medical Image 

During the 19th century, physicians 
seeking to professionalize their calling 
were fair game for hostile comment, with 
quacks and sectarians on one side and 
the practitioners* actual therapeutic im- 
potence on the other. Some aristocrats 
of medicine and the medical ideal they 
represented did enjoy high prestige, but 
most (often deservedly) did not. Occa- 
sionally, antimedical diatribes based on 
these eariier struggles persisted after the 
]890*s, along with other anachronisms 
like attacks on the germ theory of dis- 
ease. But by and large, in the wake of 
medical, and particularly surgical, suc- 
cesses, publicity about the profession 
was favorable, and leaders of the Ameri- 
can medical profe;>sion succeeded by the 
early 20th century in their campaign to 
persuade the public to want and expect 
uniformly well-trained, well-paid physi- 
cians who themselves set standards of 
practice (10-12). 
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So eflfective was favorable publicity 
about bot^i science and doctors that 
Americans in general began to view ex* 
tensive medical care as a life necessity. 
Expansion of hospital care at the begin- 
ning of the century was an important 
indication of the change. 

After some years, publications of the 
Committee on the Costs of Medical Care 
(192S-1933) and other surveys generated 
much criticism of the medical profes- 
sion — not for members' inferior techni- 
cal performance or misbehavior but for 
their failing to make physician services 
of any kind available to more people 
t'tuough economic and organizational 
means (13), By the late 1930's the mod- 
em campaign for "socialized medicine" 
or compulsory health insurance had be- 
gun, and for many decades organized 
medical groups opposed any change in 
the structuring and financing of health 
care delivery (14). AH parties to the 
controversy, however, contui^ed to 
agree that medical care was highly desir- 
able. 

While many public figuies attackeo 
the American Medical Association 
(AMA) and state and local med'cal 
groups for their political activities, the 
public image of scientific medicine im- 
proved constantly (/5). By the 1940*s 
virtually everyone had heard of miracle 
drugs and many people knew that they 
owed their lives to them. As writer Eve- 
lyn Barkins (/6) observed in 1952, "Most 
patients are as completely under the sup- 
posedly scientific yoke of modem medi- 
cine as any primitive savage is under the 
superstitious serfdom of the tribal witch 
doctor." 

Ultimately, however, the socialized 
medicine debates undermined public 
confidence in medicine as a profession. 
The heavily financed publicity cam* 
paigns undertaken in the name of the 
AMA generated political statements that 
few people could tak seriously and 
raised questions about the claims of 
members of the profession acting in sci- 
entific and clinical roles {17, 18). Even 
before World War 11 the evident social 
insensitivity of physician groups such as 
the AMA tended to tarnish the doctor as 
a public figure, and many people began 
to associate the physician with another 
familiar stereotype, the small business- 
man, who was presumably not only 
grasping but slightly dishonest (19). As 
one writer of the eariy I940's observed 
of organized medicine, its "social out- 
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look turns out to be . . . scarcely distin- 
gtiishable from that of a plumbefs 
union** (20). Indeed, the actions of phy- 
sician groups caused the Supreme Court 
in 1943 ofiScially to refuse to recognize 
doctors' professional claims and instead 
to find physician groups, including the 
AMA, guilty of restraint of "trade" (2/) 
Beginning in the 1940's, a number of 
reformers within the medical profession 
worked to expose inferior medical prac- 
tice and upgrade medicine to a level 
apprc^riate for the age of penicillin and 
high technology. Some of the self-criti- 
cism revealed through these efforts was 
repeated by the general press. The com- 
bination of internal criticism and exter- 
nal distrust eventually had a negative 
effect, just as the social environment for 
all professions turned from favorable to 
unfavorable. 



The End of the Golden Age 

The rare public doubters of the medi- 
cal profession in the late 1940's and early 
1950 s gradually increased in number. 
By 1954, Herrymon Maurer, writing in 
Fortune, could cite a series of sensation- 
al aiticles in mass media magazines at- 
tacking no* oiiiy moneyir.aking but 
incompetence in medical practice. 
Maurer's article was entitled, "The 
M.D.'s are off their pedestal'* (22). A 
few more years had to pass, however, 
before the number of recriminations 
reached the threshold that marked the 
end of an era. 

Despite the ineptitude of the cam- 
paigns against socialized medicine, the 
public image of the physician per se w^^s 
very favorable in the proscientific post- 
Worid War 11 period. This image was 
reflected, for example, in the activities of 
Dr. Kildare (a stereotype later known as 
Marcus Welby, M.D.) who moved from 
the novel and motion picture to the tele- 
vision screen. Physicians showed up in 
over half of 800 Hollywood films sur- 
veyed in 1949 and 1950. But in only 25 
instances was the doctor portrayed as a 
bad person, and when he was bad there 
were often extenuating circumstances. 
He was almost never a humorous char- 
acter, either (23), 

Around 1950 many physician organi- 
zations across the country began system- 
atic campaigns to reduce the number of 
legitimate complaints of the public 
against physicians. Leaders in the pro- 
fession had concluded that actual experi- 
ences of everyday Americans with medi- 
cal care were the source of much of the 

'ipathy directed toward the profes- 

ERIC 



sion. An early and exemplary effort was 
that of the California Medical Associa- 
tion, which conducted a double program. 
First, California M.D.'s made medical 
care available (but on their own terms) to 
answer complaints about access to it. 
Second, and more important, they car- 
ried out a campaign to protect the public 
by hearing complaints against four types 
of abuses: (i) malpractice; (ii) **unneces- 
sary or incompetent procedures"; (iii) 
excessive fees; and (iv) unethical acts of 
physicians. All over the United States 
grievance committees of local medical 
societies tried to adjust physician patient 
disputes and effect some of the profes- 
sional self-policing so notoriously absent 
theretofore (24^26). 

Grievance committees were, in fact, 
but one facet of a major attempt of 
reformer physicians to get each practi- 
tioner to emphasize and upgrade his or 
her personal relationships with patients. 
The doctors set out to fight bad public 
relations as one did syphilis, one case at 
a time but with a cumulative effect (27). 
California M.D.'s in 1951 employed the 
psychologist Ernest Dichter to suggesi 
how each practitioner should manage his 
or her patients. Every encounter be- 
tween a physician and patient is. of 
course, an intensely and unabashedly 
narcissistic experience for the patient 
and therefore eminently suitable for psy- 
chological manipulation. A patient*s 
• ripes about high fees, for example, may 
mask a real grievance related to some 
personal slight inflicted by the doctor. 
Psychological studies and systematic re- 
search on patients, analogous to con- 
sumer surveys, both gave specificity to 
concerns about the individual doctor- 
patient relationship and helped mspire 
and shape programs to improve such 
relationships (26, 28). As an osteopath 
concluded in 1955, the trust of every 
patient had to be gained in order to 
overcome the belief that medicine was 
emphasizing business and quantity rath- 
er than service or quality (29). The popu- 
lar press also soon reflected the medical 
campaigns, elements of which were fa- 
miliar from earlier AMA publicity favor- 
ing the old family doctor as opposed to 
the cold, impersonal specialist. By 1959 
an article in Life was popularizing this 
idea, portraying physicians favorably but 
still strongly emphasizing how much 
they needed to add sympathy to their 
science (30). 

At the same time that physicians were 
work' J on their public relations in the 
1950*s, overt popular indictments were 
pushing the profession off the * 'pedes- 
tal." Exactly where and when the final 
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shove came is not certain. In the third 
quarter of the 20th century there were no 
fewer than 20 investigations of the New 
York City health system, and in 1966, 
after it was clear that the medical profes- 
sion was in trouble, journalist Martin 
Gross (31) traced the new criticism to the 
first of these investigations in the cultur- 
al center of the country (32). In 1%5 an 
anonymous writer in ConFumer Reports 
(33) dated modem criticism from the 
publication of a study conducted in 1956 
in which investigators actually rated 
physician performance. Perhaps the 
most important date was 1958, when 
Richard Carter's The Doctor Business 
(25), the first of a number of muckraking 
books, appeared. Carter's expose and 
others that followed ii drew heavily on 
both public investigations and exposes 
that members of the profession had writ- 
ten for internal professional purposes. 
Whatever the source, clearly adverse 
criticism had entered a novel phase by 
the end of the I950's, reflecting and also 
creating new social circumstances within 
which physicians practiced. 

Indignant lay \^riters and reformc* 
M.D.'s shared an elevated opinion about 
what physicians ought to be. They were, 
wrote a journalist in 1954 (34). supposed 
to be part of a double picture: *'on the 
one hand, a group of dedicated and 
white-coated scientists, bending over 
test tubes and producing marvelous 
cures for various ailments, and, on the 
other, equally dedicated practitioners of 
medicine and surgery, devoting them- 
selves to easing pain and prolonging hu- 
man life, without thought of personal 
gain and at considerable self-sacrifice." 
Both the public and the profession, he 
noted, were beginning to notice substan- 
tial deviations from this widely held ideal 
and to become filled with **disillusion- 
ment . . . tinged with a bitterness which 
breeds public hostility** {34). Other ob- 
servers traced the rising level of adverse 
comment to unrealistic hopes. As the 
1950*s ended, columnist Dorothy 
Thompson summarized for readers of 
the Ladies' Home Journal this growing 
public criticism of American physicians. 
There was bad hospital care, there were 
bad doctors, and there were excessive 
medical costs. But she went on to note 
the cause {35): 

In a rather profound sense the current attacks 
on the medical profession compliment it. Peo- 
ple, it seems, expect more of physicians than 
ihcy do of other professional men with the 
possible exception of the clergy. The medical 
profession has invited that expectation, and in 
the opinion of this writer, and with exceptions 
that only prove the rule, has deserved it. 
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In later decades, as Americani came to 
expect the medical profession to furnish 
comfort, happiness, and well-behaved 
children as well as health, the disillusion- 
ment grew. 



Adapting to Change 

Since ancient times, critics — and the 
public at large — have usually discrimi- 
nated sharply between their own person- 
al physicians, who command profession- 
al trust, and the medical profession as a 
whole, which does not and which is 
susceptible to harsh judgments (36). In 
the mid-2(Hh century, however, doubts 
about medicine in general or "the doc- 
tor*' intensified so much that even per- 
sonal professional tiust was often im- 
paired, especially when a patient could 
not get the attention that he or she want- 
ed. Critics at all levels who started by 
blaming the system, particularly the clin- 
ic and hospital, inadvertently raised 
questions about the M.D.*s who collabo- 
rated in the faulty operation of the insti- 
tutions. 

As professionals, physicians always 
functioned in part on the social level. 
When, in the 20th century, major 
changes occurred in the immediate social 
context within which medicine operated, 
the profession did not adapt quickly in 
either the formalities of practice or the 
self image it produced. One of the major 
new forces was the startling increase of 
chronic (as opposed to acute) diseases as 
the dominant concern in practice. .A sec- 
ond new force was the growth of huge 
bureaucratic inslilullons. pailicuiaily 
hospitals, in the regular health care sys- 
tem. A third force was the greatly in- 
creased sophistication of consumers. 
And a fourth was the rise of psychologi- 
cal explanations for illness, leaving the 
physician dealing with the uncertainties 
of psychosomatics. All of these changes 
were well under way before the 1950's, 
and each helps to explain what happened 
*o the golden age of medicine. 

Critics and reformers outside the pro- 
fession were also slow to respond to the 
changed situation. Carter's The Doctor 
Business (25), for instance, v/as targeted 
chiefly on the fee-for-service organiza- 
tion of medicine, and at most only a 
quarter of the volume was devoted to 
actual faults in health care. Even in 1960 
in perhaps the most crucial of the new 
critical publications. The Crisis in Ameri- 
can Medicine, the authors still ten !ed to 
emphasize the economics of medicine 
even while recognizing that "Millions of 
people are bitterly dissatisfied with the 



medical care they are getting** (37). 

What eventually transformed the criti- 
cism was the addition of another ingredi- 
ent from society as a whole: widespread 
anti-institutiona! sentiment along with a 
general disillusionment with many as- 
pects of American life (38). Among the 
targe: institutions were the professiv 6, 
particularly professions based on exper- 
tise. In the mid-1950*s writers in the 
highbrow and mass ....dia began to paint 
negative or at least ambivalent images of 
many American institutions that in the 
1940*s haf* been beyond reproach: the 
city, the automobile, thr large family — 
and the doctor. In making their unfavor- 
able remarks about doctors, variojs 
kinds of public commentators drew from 
both past and then current concerns to 
focus on three aspects of the physician*s 
function: the priest!} , or sacerdotal role; 
the technical role; and the role of the 
physician as a member of the health care 
system. 



The Sacerdoial Role 

In the first half of the 20th century, 
when medical intervention was becom- 
ing increasingly effective, such critics as 
there were tended to concentrate not on 
the technical role of physicians but on 
their priestly functioning as they went 
through medical ceremonies and acted as 
wise and trusted personages. In this pre- 
occupation, commentators reflected ba- 
sic popular altitudes. In novels, for ex- 
ample, despite the shift of physician 
characters from priesily and scholarly 
roles lo scienlific, Iheir most inipoitanl 
duties still centered on nonphysical 
problems and relationships (39). Regard- 
less of the passing of the old-fashioned 
family doctor, there was a well-under- 
;»tood public demand for a sympathetic 
personal relationship such as that fur- 
nished by the idealized country practi- 
tioner. "His successors have much to 
learn from hihi,** observed an editorial 
writer in a typical comment as early as 
1908. "At all events they must learn to 
be men, not merely scientists** (40). And 
even as the socializer^ medicine debate 
heated up, the impersonal system rather 
than individual M.D. performance was 
the subject of adverse comment. 

In all of the criticism during the golden 
age, the emphasis on priestly personal 
functions of the physician, as opposed to 
eff^ectiveness or even competence, is 
striking. As late as the 1950*s, lists of 
common criticisms to which physicians 
were sensitive included most prominent- 
' "A failure to take a personal interest 



in the patient and his family,** **Inability 
to get a doctor in cases of emergency,** 
**Waiting time in doctors* offices,** and 
other such items reflecting the continu- 
ing demand for personal attention (41). 
The only other conspicuous categories of 
complaint had to do with fees and failure 
to communicate with the patient. Only 
in later decades did the demand for com- 
petence become very conspicuous (4, 
42). 

It is against this background of empha- 
sis on the sacerdotal function of medical 
personnel that the great constant of criti- 
cism, greed, has to be viewed. Greed on 
the part of a physician violated a sacer- 
dotal stereotype because most Ameri- 
cans expected that under ideal circum- 
stances a physician was a dedicated pro- 
fessional who provided a service be- 
cause the service was needed, not 
because it was profitable (43), Greed 
showed up earlier as a concern in attacks 
on quackery, fee-splitting, and then, to a 
small extent, physician financial interest 
in laboratory and drug store enterprises 
(44). But it was only after physicians had 
in general substantially increased their 
incomes that critics fastened on the evi- 
dent wealth rather than specific fees of 
M.D.*s a*; evidence of unseemly grasp- 
ing. This recent phase had to wait for the 
development of what David Horrobin 
has called ""the politics of envy** in the 
late 20th century (45, 46). 

That physician greed was a constant in 
criticism meant that even in the recent 
period, when technical as well as priestly 
performance in medicine was again sub- 
ject to question, the motive that critics 
identified in errant physicians was avari- 
ciousness. Why else would a rational 
M.D. commit undesirable acts and re- 
duce the quality of the medical care that 
he was delivering? And in the continuing 
socialized medicine controversy, when 
the physician as entrepreneur was an 
issue, greed was, again, imputed to med- 
ical advocates of laissez-faire (47). 

One area in which the public could and 
did react to physicians in their non- 
technical roles was indifference to pa- 
tients, epitomized in the contrast be- 
tween house calls and clinic or hospital 
practice. Personal attention was the 
tfieme of the solo practice advocates 
both inside and outside the profession. It 
was the chief complaint of detractors of 
specialization, before and after the late 
1950*s. It was the object of the local 
grievance comi, .aees set up after World 
War II. And it was the subject of studies 
after mid-century by members of a new 
subspecialty, medical sociologists. 

In an era of high technology, when the 
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secrets of medicine became increasingly 
inaccessible at^^d incomprehensible to the 
public, responsiveness to the patient re- 
mained the one aspect of practice by 
which tTiOst people could judge the M.D. 
By the 1960*s, case histories of patient 
mistreatment on a social, not technical, 
level were standard in the growing litera- 
ture of criticism. But the critics who 
wanted atttention and care from the phy- 
sician still did not usually specify what 
the care consisted of until well into the 
age of malpractice suits {4S). 



The Technical Role 

Although the technical performance of 
the physician called forth little adverse 
comment before the !950's, both the 
application of medical science and the 
individual competence of the M.D. in 
applying it had earlier been traditional 
and continuing subjects of recrimination. 
Kept alive for a time in the campaign 
against obviously incompetent nonphysi- 
cian quacks, the theme of pretension and 
ineflfective treatment continued to be an 
issue in occasional attacks on unneces- 
sary surgery. Remarkable, however, was 
the fact that one type of criticism, that 
directed toward the laziness, negligence, 
and incompetence of M.D.'s, remained 
largely undeveloped for over half a cen- 
tury. There were a few stories about 
outright malpractice, and there were sug- 
gestions (usually made by M.D.'s trying 
to upgrade the profession, that many 
physicians were not keeping up with 
scientific literature (49). But no rash of 
damaging exposes appeared until after 
the !950*s. 

One dark side of the physician as 
technologist was the fear that piactition- 
ers would impose too much medicine, 
not only forcing inoculations and surgery 
on unwilling persons but, indeed, using 
patients for experimental purposes. In 
the 1920* s, Sinclair Lewis's Arrowsmith 
helped keep this traditional fear alive, 
but the physician as scientist who im- 
posed on patients in the nani^ of tech- 
nique remained largely a literary figure. 
For decades, serious critics restricted 
themselves to the impersonality of the 
specialist, not his mania for medical in- 
tervention and innovation. Lay commen- 
tators, in fact, tended to write about fads 
in medicine in terms of progress and to 
ignore the discarded fashions. Publicists 
who did discuss faddism did so gently, 
like the 1928 humorist in Collier s who 
commented {5Q), 

An' now it's the gall bladder. Doctors are mad 
^ver it. Tiie appendix, tonsils, leeth, aMo- 
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intoxication, acidosis — all a^e forgotten; an' 
the gall bladder is now the undisputed belle of 
the body. For a medical man it has all the lure 
an' emotional appeal of a Swinburne poem, a 
Ziegfeld chorus or a moonlight party in Holly- 
wood. 

By the I960's and !970's critics were 
saying that, rs one of them put it, medi- 
cal faddism reflected "the underlying 
bias of the technological mindset and its 
activity orientation . . . that newer must 
be better and that doing more must be 
better than doing less; hence the possi- 
bility of harm is always a second 
thought . . (51). By this time, then, 
deliberate risk had been added to lack of 
knowledge and skill. Moreover, the pub- 
lic ultimately developed a very high level 
of distrust of what critics had been char- 
acterizing as excessive use of drugs and 
surgery (4). 



The Social Role 

Beyond the priestly and technical re- 
quirements of medical practice, one of 
the well-understood demands society 
makes of any professionals in granting 
them special status has been that their 
activities be harmless to society (this is 
one reason that advertising, for example, 
cannot qualify as a profession). The tra- 
ditional issue of whether the monopoly 
granted physicians was or was not anti- 
social became a crucial one in the 20th 
century. The reorganizers of American 
medicine at the turn of the century took 
pains to show that the newly licensed 
monopoly, '*the medical trust," as early 
critics characterized it, that outlawed 
quacks and sectanans and vested licen- 
sure in the profession, was in the public 
interest (52). 

Medical leaders succeeded in winning 
the public's trust and approval (7/). Not 
even the failure of the self-policing that 
was a direct (though not essential) con- 
comitant of the monopoly elicited much 
comment before the 1960's. Only insofar 
as physicians as a group failed to take 
positive action to provide medical care 
for all who wanted it, or as medical 
groups opposed institutional arrange- 
ments designed to improve and extend 
medical care, did criticism fall on the 
monopoly. Then, attribution of greed to 
physicians was one aspect of the accusa- 
tion, but so also was conservatism, 
which was a characteristic of other mo- 
nopolies that consistently drew criticism 
in modern America. It was not until the 
1960's and 1970's that new, well-educat- 
ed groups tried to break the monopoly by 
developing new kinds of '^health care 
deliverers" and by introdpcing lay con- 



Irol. Such developments grew out of 
distrust of the intentions and and cus- 
toms of the medical profession. 

Attention to the social aspects of 
medicine was the qualitative characteris- 
tic that most clearly differentiated de- 
tractors of medicine before and after the 
1950's. More recent critics not only de- 
cried the monopoly and maldistribution 
of medical care but also loaded physi- 
cians with responsibility for any number 
of social transgressions: expl' ing me- 
nials, failing to provide incc -ves for 
improving health care delivery, encour- 
aging unnecessary bureaucracies, in- 
creasingly setting arbitrary boundaries to 
illness, ignoring **positive" health, and 
in general, to use the term of the leading 
critic, Illich, **medicalizing" the whole 
society to the detriment of individual 
dignity and well being (8). 



The Erosion of Professional Status 

Physicians have always been sensitive 
to criticism (53). For half a century they 
were relatively free from public censure 
or actual interference in clinical and pro- 
fessional activities, and they enjoyed 
great public and personal admiration. 
Few people other than doctors knew 
about iatrogenic disease or the placebo 
effect. Criticism — and lack of it — reflect- 
ed both the impression conveyed in pub- 
lic about the miracles of medicine and 
the persistence of the sacerdotal role of 
the physician, demanded by the public at 
all levels. But the physician as priest was 
already in some trouble by the 1930's. 
Attacks on impersonal specialism and on 
well-meaning S04:ial reformers' attempts 
to spread the technical benefits of medi- 
cine through prepayment (that is, msur- 
ance) and institutional reorganization 
laid a basis for doubts about the whole 
profession. Demand for a priest was still 
intense, as surveys even in the 1950's 
showed, but the profession in general 
was by then set in place to be the object 
of a more general social attack. This 
attack portended the end of generous 
funding for medical research and the end 
of such extremes of freedom of action as 
professionals might aspire to (54). 

Commentators with a sense of the 
tragic, or even just of the ironic, can find 
in the 20th-century physician ample jus- 
tification for their views. As sociologist 
Eliol Freidson pointed out at the begin- 
ning of the 1960's, conflict between pa- 
tient and physician was inevitable be- 
cause the function of the physician was 
to apply general knowledge to a particu- 
lar individual, the patient (55. p. 175). 



ISl 



ERIC 



Applying knowledge involved trying to 
control the patient, and the patient in 
turn was interested in controlling his or 
her destiny (26). In attempting to maxi- 
mize the client-professional trust that 
would permit patients to yield control, 
physicians emphasized the validity of 
their science — and in so doing created a 
sophisticated public. That public in turn 
became increasingly competent to ex- 
pose shortcomings of the profession and 
to react when physician reformers spoke 
out about their colleagues* failures (56). 

wrote about . . . abuses and asked for 
changes/* wrote District of Columbia 
internist Michaei J.. Halberstam in the 
mid-1970's. ** And now changes are com- 
ing, but alas . . they will probably be 
the wroi^ ones'' (2). 

One of the major results of the new 
criticism of the 1960's and 1970's, in 
which the technical as well as the sacer- 
dotal function of the phy«xian came into 
question, was therefore a series of de- 
mands for greater patient participation in 
the medical relationship, demands exac- 
erbated by a resurgence of romantic indi- 
vidualism in the culture as a whole (57, 
58). By 1972 one analyst (59) could add 
to the "engineering'' and **priestly" 
models of health care and delivery two 
more, the '*coll^ial" and the **contrac- 
tual." Both of these last models involved 
patient participation and were flourish- 
ing in various settings (59). 

Insofar as the entire society was 
moving toward social leveling, the high 
status necessary for professional author- 
ity was being eroded throughout most of 
the century (55, p. 187). By the 1960's 
even the popular image of the physician 
as portrayed on television reflected a 
change from a charismatic figure, who 
used mysterious powers to resolve prob- 
lems, to a new type of hero, one with 
only ordinary endowments and who po- 
tentially could behave unheroically (60) 
But as early as the !930's the sociolo- 
gists, who surveyed Muncie, Indiana, as 
**Middletown" had commented that 
physicians, and lawyers, too, were in- 
creasingly less visible as independent 
community leaders. Older physicians 
continued to be aware of a change, but 
few could cite convincing detail as did J. 
A. Lundy of Worcester, Massachusetts, 
who in 1952 recalled the time when 
townspeople customarily tipped their 
hats to the physician (61). Another per- 
ceived sign of erosion of the physician's 
place was the fact that patients felt in- 
creasingly free to shop around for an 
M.D. who suited them (62). The loss was 
felt not by the technically oriented spe- 
rcialist whose bedside manner might be 



imperfect, but by the traditional family 
doctor. By the I960's and 1970's physi- 
cians were complaining not only of lack 
of deference but of lay interference and 
assaults on professional privileges. The 
politics of envy were building in new 
ways upon traditions of criticism that 
had been muted in the first half of the 
20th century but had not died. 



Conclusion 

The golden days of the medical profes- 
sion car be defined by the ^inount and 
the content of criticism that the profes- 
sion received — what little adverse com- 
ment there was, was often to the effect 
that highly desirable professional ser- 
vices were insufficiently available or that 
physicians had lapsed from their sacer- 
dotal roles. In both cases the critics 
tended to fasten on the old theme of the 
doctor whose greed overcame his more 
professionally disinterested concern. 
The practice of medicine always in- 
volved M.D.'s in ambivalent relation- 
ships with both individual patients and 
society, and high-status professionals 
who could not or would not respond to 
patients' personal and selfish concerns 
of course generated complaints and 
could even become both personal and 
social scapegoats (63). But it was the 
continuing politics of the socialized 
medicine debate that first planted the 
seeds of major and pervasive mistrust. 
When, after Worid War II, physicians 
themselves spoke out to increase the 
beneficent results of medicine and up- 
grade the profession in the direction of 
the professional ideal, they unwittingly 
opened the door for the latter-day critics 
who attacked not only priestly preten- 
sion but technical performance. The in- 
fluence of these critics combined with 
other social forces in movements that in 
the 1960's and 1970's tended to impair 
the trust and freedom that had once 
marked medical practice (64). 
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The rapid Jevelopment of molecular 
genetics and particularly the introduc* 
tion of recombinant DNA technology 
have elicited much interest among scien- 
tists, physicians, and the public in gener- 
al. The realization that scientists might 
be able to manipulate the heredity not 
only of lower organisms but also of our 
own species has led to much soul search- 
ing. Some observers maintain that man- 
kind is at the threshold of new powers 
that are unlike any innovations ever 
faced before. 

Where do we stand? Scientists and 
physicians need to be well informed 
about the current status of genetic ma- 
nipulation so as to be able to inform the 
public regarding the scientific facts 
Sometimes incomplete knowledge and 
lack of understanding of various issues in 
this rapidly evolving subject have led to 
unwarranted emotional reactions and ill- 
advised resolutions designed to block the 
progress of investig? ive activity. 



Genetic Manipulation in the Past 

Genetic manipulation is not a new 
development. For several thousand 
years, human beings have attempted to 
control their environment by influencing, 
the genetic characteristics of other spe 
cies. The domestication of wild plants 
and animals is an example of genetic 
manipulation with the aim of producing 
better and more food. Other examples 
include the improvement of egg and milk 
yields from domestic animals. The do- 
mestication of dogs shows that even be- 
havior has been manipulated genetically. 
Hunting dogs, herding dogs, and watch 
dogs are only a few of the many kinds 
that were produced purposefully by 
breeding for specific behavioral charac- 
teristics — a form of genetic manipula- 
tion. 

Genetic manipulation by design has 
rarely been practiced in our own species. 
However, unplanned genetic selection 
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for intelligence probably occurs fre- 
quently. Marital partners resefmble each 
other in intelligence (at least as measured 
by JQ tests) because of assortative mat- 
ing for this trait (/). While the exact 
contribution of heredil/ to IQ remains 
unknown, most informed observers ac- 
cept that genes contribute to the variabil- 
ity of IQ. Therefore, the elevated IQ 
levels observed on the average among 
oflfspring of intelligent parents are an 
example of genetic selection based on 
social customs. Such an assertion does 
not deny that there is a significant envi- 
ronmental component under these cir- 
cumstances. However, even if the genet- 
ic contribution to intelligence is relative- 
ly small, assortative mating for IQ would 
be expected to concentrate high IQ 
genes among the oflfspring of gifted cou- 
ples. 

Human breeding by design for h'lph 
intelligence was recently suggested by a 
California millionaire who arranged to 
use sperm from Nobel Prize winners in 
the sciences for artificial insemination of 
self-selected volunteer women. One 
would expect statistically that the off- 
spring of such a procedure would be 
more intelligent than the average. No 
other predictions regarding future 
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achievements could be made. Presum- 
ably, such voluntary private undertak- 
ings on a small scale would cause few 
social problems and would have no sig- 
nificant effects on the human gene pool. 
However, attempts by governments to 
control human breeding must be viewed 
with alarm — particularly since such ef- 
forts would interfere with civil liberties 
and democratic ideals. The attempt by 
the Nazi government in Germany to in- 
stitute breeding centers for selected Ar* 
yan men and women illustrates an iii- 
conceived undertaking based on pseudo- 
scientific standards of race ideology and 
retrogressive notions about individual 
rights and dignity. 



Indirect Manipulation of Human Genes 

Medical therapy and certain public 
health measures affect the human gene 
pool indirectly by preserving deleterious 
genes that would otherwise be eliminat- 
ed. Thus, successful treatment of certain 
genetic diseases such as diabetes, hemo- 
philia, immune deficiency, certain types 
of congenital heart disorders, and others, 
allows the bearers of defective genes to 
have children. Some biologists and ge- 
neticists have warned about the **dys- 
genic" effects of these practices, fearing 
serious contamination of the human gene 
pool with harmful genes that might ne- 
cessitate a major expenditure by future 
societies on treatment of the genetically 
infirm. 

While there is some formal merit in 
such arguments, it is important to distin- 
guish the human from other species (2). 
Human beings have a unique brain that 
allows '^cultural inheritance." which, 
with the rapid dissemination of ideas, 
has facilitated our adaptation to a variety 
of environments. From a strictly biologic 
viewpoint, the necessity for humans to 
wear clothes is a deleterious trait, m that 
we lost the genes for hairiness that pro- 
tected us against the elements. Develop- 
ment of the human brain enabled our 
ancestors to devise the necessary protec- 
tion by the fabrication of clothes from 
animal skins first, from agricultural prod- 
ucts later, and fro^l synthetic fibers 
more recently. Clrih making and cloth 
wearing is a val mble part of human 
culture in all but the most primitive hu- 
man societies and therefore cannot be 
considered a harmful trait in the human 
context. 

What about wearing eyeglasses? In 
developed countries the wearing of eye- 
glasses because of genetically condi- 
tioned myopia or other refractive error is 
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not particulariy harmful except in limited 
occupational settings. The relatively 
high frequency of myopia and the need 
to wear eyeglasses represents loss of an 
adaptive biologic trait among civilized 
populations. Yet. in the absence of a 
nuclear holoc'aust that would relegate 
humans to a hunting and gathering exis- 
tence, myopia is a trait that can be well 
supported by modem societies. Indeed, 
the existence of myopia and other refrac- 
tive errors has created an industry of 
ophthalmologists, opticians, and specta- 
cle frame makers. Analogously, in the 
distant future human beings might re- 
quire injections and pills for a variety of 
genetic infirmities — a development that 
we currently view as unhealthy. Howev- 
er, our descendants might consider this 
state of affairs to be as **normar' as we 
consider the wearing of clothing or eye- 
glasses today. Thus, the characterization 
of human genetic traits as beneficial or 
harmful depends entirely on the environ- 
ment in which the trait or traits operate. 



The "New" Genetics 

DNA has come to be recognized as the 
genetic material in organisms as far apart 
as viruses and humans. The basis of life 
on this planet is unitary and founded on 
the DNA genetic code. The "dictio- 
nary" of this genetic code is well worked 
out. Human hemoglobins have been use- 
ful for showing the effect of DNA muta- 
tions on gene function (i). Study of vari- 
ous genes has shown that the codmg 
sequences in the DNA (exons) are mter- 
rupted by intervening sequences (in- 
trons) with yet unknown function. Be- 
fore gene tri»nscripts consisting of RNA 
can be translated into proteins according 
to the genetic specification laid down by 
DNA, these introns need to be sphced 
out. Mutations affecting the coding se- 
quences as well as the splicing mecha- 
nism can give rise to genetic diseases (i, 
4). 

The discovery of restriction enzymes 
that cut DNA at specific base sequences 
has been a major development (5). Many 
different restriction enzymes — each 
splitting DNA at different specific sites- 
have been discovered. DNA that has 
been split by a given restriction enzyme 
can combine with any other DNA mole- 
cule cut by the same enzyme. It is there- 
fore possible to join DNA molecules 
from different sources to produce so- 
called "recombinant DNA" consisting 
of parts of DNA from different species. 
Species barriers can therefore be 
rrossed. 
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The technology necessary to deter- 
mine the sequence of the component 
bases of DNA molecules has developed 
rapidly (6). Other methodologic ad- 
vances have made it possible to se- 
quence the amino acids in proteins with 
very small quantities of material (7). 
"Gene machines" that synthesize por- 
tions of genes or even whole genes al- 
ready exist (5). Such synthesized partial 
genes can be used as probes to isolate 
genes of biologic interest (9). 

What are the applications of the new 
biology and what problems do they 
raise? 



Production of Enzymes and 
Protein by DNA Technology 

Human genes that specify the synthe- 
sis of biologically important substances 
can be inserted 'ntr* the DNA of micro- 
biologic vectors, such as the intestinal 
bacterium Escherichia coli, where the 
human DNA \ nes integrated. The 
small quantities genetic material thus 
introduced can be amplified by growing 
the '*engineered" microorganisms in cul- 
ture (10). The gene products manufac- 
tured by the manipulated human genes in 
the microorganism can be collected. Hu- 
man insulin already has been produced 
in this manner and has been safely used 
in diabetes therapy. Other polypeptides 
such as human growth hormone and in- 
terferon are under production. Various 
laboratories and companies plan to use 
DNA technology to manufacture vac- 
cines and many other therapeutic and 
diagnostic agents. In principle, any poly- 
peptide gene product could be synthe- 
sized by the:^ new methods. 

What are the ethical problems? 

There was anxiety initially that genetic 
manipulation of E. coli could result in the 
creation of pathogenic bacterial strains 
that might cause mass epidemics (//, 
12). Similariy, it was feared that genetic 
manipulation of certain human cell lines 
might cause the spread of cancer (//, 
12). Scientists shared these fears with 
the public and there was much alarm. It 
was soon shown, however, that genetic 
exchange between microorganisms was 
not new and had occurred all along in 
evolution. Furthermore, it was demon- 
strated that the E. coli strains created by 
the genetic engineers are so enfeebled 
that they represent no danger in out- 
growing E. call organisms. Much addi- 
tional experi'nentation over the last few 
years has suggested no unusual dangers 
of the new DNA technology. The initial 
anxiety regarding the safety of genetic 



manipulation has therefore receded, but 
: it is important to understand that the 

rather remote potential dangers were 
first described by highly reputable scien- 
tists. 

When the potential dangers of recom- 
binant DNA were first discussed, medi- 
cal microbiologists who were experi- 
enced in working with highly lethal hu- 
man microorganisms had not been fuily 
consulted by the molecular biologists 
who were not accustomed to strict mi- 
crobial containment in their work. It is 
unlikely that medical microbiologists 
would have raised the kind of fears sug- 
gested by the molecular biologists. Simi- 
lariy, cancer epidemiologists had not 
been fully consulted in the eariy stages of 
safety discussions about recombinant 
DNA» Some scientists now question 
whether hypothetical, frightening sce- 
narios that appear farfetched in retro- 
spect should have been shared publicly. 
Most observers agree that scientists 
should not make important decisions 
that affect the public without full disclo- 
sure. Although the DNA safety issue, 
because it dealt with the "stuff of life." 
was alarming to many people , it stimulat- 
ed the interest of the public who there- 
fore became better informed. 

The new genetic technology has raised 
problems of corporate control. The in- 
volvement by un versity scientists in in- 
dustry may lead to less open exchange as 
scientists try to capitalize financially on 
their findings. Secrecy may be necessary 
to allow a company a commercial advan- 
tage in bringing a certain product to 
market, but in basic science departments 
this could throttle the open communica- 
tion that led to those very developments 
that can now be commercially exploited. 
The availability of ready money for com- 
mercially valuable research also may dis- 
tort research objectives, leading to possi- 
ble neglect of basic research University 
administrators arc eager to attract funds 
from industry ai a time of decline in 
governmental grant support Such prob- 
lems are not entirely new. having been 
faced by faculties of chemistry, pharma 
cy. engineering, and electronics in the 
past. However, the engagement of basic 
biologists in industrial applications is 
rather novel, since previously applied 
scientists usually had been involved with 
industry. 

An ethical issue faced in relation to the 
pharmaceutical industry is the under- 
standable interest in manufacturing 
products with a potentially large market. 
Drugs or biologicals for treating rare 
diseases are less likely to be developed 
than those agents that will have a wide 
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sale because of their effect on common 
diseases such as cancer and hyperten- 
sion. Profits derived from vaccines 
against tropical diseases prevalent in 
Third Worid countries are likely to be 
much smaller than those obtained from 
widely sold products in developed coun- 
tries. Developing countries cannot afford 
expensive biologicals. Such financial is- 
sues distort the priorities of product de- 
velopment in the commercial sector and 
require enlightened governmental finan- 
cial aid. 



Genetic Techniques in Diagnosis of 
Hereditary Disease 

The new DNA technology has shown 
that differences in DNA sequences af- 
fecting the noncoding areas as well as 
differences in the intervening sequences 
(introns) are common among individuals 
[13). DNA variants of either type have 
no known functional consequences in 
the expressed phenotype of the orga- 
nism, but affect the length of DNA frag- 
ments defined by a given restriction en- 
zyme. These variants are inherited by 
Mendelian segregation and can be traced 
through families. Their laboratory deter- 
mination is not excessively difficult (/i- 
15), If such a DNA variant is located 
close to a defective gene and if the 
defective gene cannot be tested for di- 
rectly, the DNA variant may be used as a 
marker to infer the presence of the linked 
gene that causes disease. It has been 
calculated that the visualization of 150 to 
3(K) different DNA markers of this type 
randomly distributed over the 23 pairs of 
human chromosomes would yield a suffi- 
cient number of specnic landmarks on 
each chromosome to allow detection of 
any disease-producing gene {13, 16). Di- 
agnosis by DNA markers usually re- 
quires study of the parents and of other 
affected and unaffected family members. 
With this information it is possible to 
assign the relationship of the DNA mark- 
er gene to the disease gene by using the 
principles of conventional genetic link- 
age analysis. In a few cases, such as in 
sickle cell anemia, where the specific 
mutation in the DNA is already known, 
certain restriction en/ymes that recog- 
ni/e the abnormal DNA sequence at the 
mutant site can be used to demonstrate 
the mutation directly without family 
study (17) Gene deletions that occur in 
some c^her hemoglobinopathies may 
also be rcc.>gni/-ed directly by using the 
appropriate probes without family study 
{181 

It may thus be possible, by means of 
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these innovations in DNA technology as 
well as by other advances in biochemical 
genetics, to detect susceptibility to and 
provide early diagnoses of a variety of 
hereditary diseases that currently cannot 
be detected until they are clinically mani- 
fest. Certain hemoglobinopathies can al- 
ready be diagnosed pre»^atally by using 
amniotic fluid cells aspirated by amnio- 
centesis {19). Parents have the choice of 
abortion of fetuses affected with the ge- 
netic disease and may thus avoid the 
birth of an affected child. Although this 
option is favored by many couples, it is 
not acceptable to others for religious or 
other reasons. 

If a predictive test is available, should 
it be applied to detect all family members 
that might be affected by a hereditary 
disease? For example, an appropriate 
test migiit be developed for detecting 
individuals at risk for Huntington's dis- 
ease. This neurologic disease does not 
usually become manifest until middle 
age. If a test were available, it would be 
possible to assure one-half of the chil- 
dren of an affected parent that ihey 
would never be affected. My general 
philosophy in such situations is to 
strongly urge patients to be tested if the 
condition can be prevented or treated. In 
situations where a positive test would 
only provide knowledge but no further 
options for medical or reproductive man- 
agement it may not be appropriate to 
insist on testing. Huntington's disease is 
such an example. Some medical geneti- 
cists, however, feel that if a reliable test 
is available it should be used to identify 
all members of a kindred who are at risk 
for developing the disease. Thus, indi- 
viduals destined to get sick at a later date 
can order their lives and make appropri- 
ate reproductive decisions, while those 
free of the disease can continue tht.r 
lives without undue anxiety. Rationally, 
such an approach mukes good sense, but 
not every person wants to know. Should 
we not respect the right of the people to 
privacy and their desire to remain uncer- 
tain about their future health? If a testing 
program has been recommended, does a 
family member have the right to stop the 
program and thus prevent someone else 
in the kindred from knowing his or her 
susceptibility? 

The clinical investigator and aifected 
families might face a dilemma if a test for 
an untreatable. late-manifesting disease 
appeared promising. If, additionally, 
preventive management of such a dis- 
ease became feasible, investigations of 
those who might later be affected would 
be required. The selection of such per- 
sons for study would then require the 



disclosure of information about which at 
least some individuals might rather have 
remained ignorant. 

"Labeling** of individuals as carriers 
for genetic disease occurred in the Unit- 
ed States V hen genetic screening for the 
sickling trait was introduced {20). Carri- 
ers of the trait who never develop any 
clinical problems were considered as 
mildly affected by the public or even by 
physicians who were unaware of the 
harmlessness of the carrier state for sick- 
le hemoglobin. ''Labeling" may be par- 
ticularly serious if a given genecic trait 
< sometimes, but not always, has undesir- 

able consequences. Acrimonious discus- 
sions took place when studies of new- 
boms were initi?\ted to follow the devel- 
opmental and psychologic consequences 
of sex chromosome aberrations such as 
XYY [for references, see (21)]. Critics of 
these studies raised the specter of **self- 
fulfilling prophecies** in view of eariy 
suggestions that the XYY state might 
always be associated with criminal be- 
havi-^r — a concept that turned out to be 
false. 

Occupational restriction might be in- 
stituted for genetic reasons. Certain indi- 
viduals may be at higher risk to toxic 
damage from specific chemicals because 
of inherited enzyme variations. Genetic 
testing in industry has already been dis- 
cussed (see (22)]. Trade unions have 
criticized the introduction of such testing 
because management might use the test- 
ing as pretext to avoid cleaning up 
unhealthy industrial conditions. It is 
cheaper to exclude workers than to pro- 
vide healthy working conditions for ev- 
eryone. In a related problem, an execu- 
tive might be passed up for promotion if 
it became known that he carried the gene 
for familial hypercholesterolemia with its 
high risk of premature heart attacks. 
Could one blame an industrial company 
for such action? Do individuals who 
know they carry such a gene have the 
right to withhold such information from 
employers? 

"Predictive medicine." that is. the 
early detection of individuals at ri^^k for a 
specific disease, will become increasing- 
ly possible with the new developments in 
DNA and genetic marker technology (22. 
23) As public bodies assume a more 
direct role in the health system in many 
countries, confidentiality may become 
eroded and genetic information may be 
used by social and health planners to 
assign individuals their niche in society. 
As long as such knowledge only con- 
cerns genes affecting variables of physi- 
cal health and as long as testing remains 
Q voluntary, society might be able to cope. 
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But when we learn more about the genet- 
ics of personality and mental traits (2/. 
24), new problems could arise. At pres- 
ent, there are few clearcut genetic data in 
human behavioral gen^Mcs and there is 
no way to apply this knowledge in the 
foreseeable future. However, the recent 
claim that cognitive intelligence might be 
predicted by evoked auditory or visual 
responses (25) (that is. by presenting 
auditory or visual stimuli to an individual 
and measuring certain brainwave re- 
sponses) suggests that advances in this 
area may soon bring new problems. 



Gene Therapy 

The replacement of a defective gene 
with its normal counterpart, if it were 
possible, would be applicable only in 
monogenic diseases where abnormal 
function of a major single gene is the 
principal cause of the disease. These 
diseases, while numerous, are individ- 
ually quite rare. It should be empha- 
sized, however, that the technical prob- 
lems allowing the practical use of gene 
therapy have not yet oeen overcome. 
Gene therapy or gene manipulation 
could probably not be carried out in 
complex traits where many genes are 
involved in phenotypic determination. 
Thus, genetic manipulation would not be 
possible for traits such as skin color, hair 
shape, personality, or intelligence. How- 
ever, if one or several major genes were 
the principal contributors to the varia- 
tion of these traits, it might theoretically 
be feasible to manipulate them genetical- 
ly. Currently, the nature and location of 
most genes affecting normal variation of 
body structure and function are un- 
known. 

The procedure used to replace a defec- 
tive gene is likely to be as follows. The 
normal gene to be used for gene therapy 
will first be isolated. After a small por- 
tion of the diseased tissue, such as bone 
marrow cells, arc removed from the pa- 
tient, the normal gene will be introduced 
into the patient's cells containing the 
defective genes. The nuclei of the target 
marrow cells will be induced to take up 
the normal gene by means of a variety of 
techniques. The genetically manipulated 
cells will then be reintroduced into the 
patient. It is postulated that the manipu- 
lated cells would have an advantage over 
the genetically defective cells which they 
would perhaps ultimately replace, there- 
by curing the patient. Before any such 
the-apy could be ^^uccessful. however, 
several conditions would have to be ful- 
filled {26). The tri nsplanted gene would 
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have to be taken up by the abnormal 
target cell and integrated into its nucleus, 
where it would have to remain and func- 
tion normally. The expression of the 
introduced gene would have to be regu- 
lated to produce appropriate amounts of 
gene product. The engineered cells as 
well as the total organisms would have to 
be unharmed by the procedure (26. 27). 

This scenario for gene replacement 
represents a new approach to somatic 
therapy in that the procedure will not 
affect genes in the germ cells of the 
ovaries or testes of the patient, but will 
affect only the somatic cells that have 
been manipulated. Patients whose cells 
have been engineered in this manner still 
will carry the abnormal gene in their 
gonads and, if they are able to repro- 
duce, will transmit the defective gene to 
some of their descendants according to 
Mendelian principles. 

Gene therapy of this type is therefore 
conceptually no different from any thera- 
py in medicine that attempts to improve 
the health of a siCk patient. The only 
difference is that bN A, rather than other 
biologicals, drugs, or surgery is used as 
the therapeutic modality. This point is 
important because some critics claim 
that gene replacement represents a revo- 
lutionary departure in medical treat- 
ment. In fact, gene therapy for diseased 
tissues is no different from any other 
therapy. No change in the genes of the 
reproductive organs is attempted. 

What is the current status of gene 
therapy? 

The best understood genetic system in 
humans is the hemoglobin gene complex, 
and the most common monogenic genet- 
ic disorders affect hemoglobin structure 
and function (i. 4). Sickle cell anemia 
and the various thalassemias cause se- 
vere anemia (i). It is now technically 
feasible to produce normal or abnormal 
human hemoglobin genes in the labora- 
tory. Since hemoglobin is produced by 
certain bone marrow cells (that can easi- 
ly be aspirated in a routine manner), 
normal isolated hemoglobin genes in the 
form of DNA can be added to the pa- 
tient's abnormal erythropoietic marrow 
cells. After the normal hemoglobin DNA 
has been taken up. the manipulated mar- 
row cells can be returned to the patient 
where they are expected to proliferate 
and produce normal hemoglobin. A cure, 
or at least a partial cure, by DNA thera- 
py might therefore ensue. 

How does this mode of therapy con- 
ceptually compare with other new and 
old treatments of the hemoglobinopa- 
thies? 

Treatment of anemia by transfusion of 
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red cells is a wcll-recognizcd form of 
therapy. Transfusion historically was the 
first successful type of transplantation in 
medicine, and few ethical arguments 
have been raised against blood transfu- 
sions. A now type of experimental thera- 
py is bont marrow transplantation {28), 
When the hemoglobin-producing cells of 
the bone marrow are genetically defec- 
tive, marrow of appropriate tissue type 
(so as to minimize cell rejection) from a 
normal sib can be transplanted into the 
patient with hemoglobinopathy. It is 
hoped that the transplanted marrow cells 
will proliferate normally and synthesize 
the hemoglobin that the patient is not 
making property. At least one case of 
thalassemia has already been successful- 
ly treated in this way (29). 

No special vUhical arguments are 
raised against bone marrow transplanta- 
tion except those that apply to all of 
human therapeutic experimentation. A 
further logical step in the treatment of 
he^noglobinopathies, that is, the use of 
isolated normal hemoglobin genes rather 
than of entire donor cells to improve 
function of a patient's abnormal marrow 
cells, is conceptually no diflFerent from 
bone marrow transplantation. Gene ther- 
apy is therefore a natural therapeutic 
development that evolves from increas- 
ing understanding of disease mecha- 
nisms. Public unease ('^bout gene therapy 
can therefore be lessened by explaining 
that the nature of such therapy is not a 
radical departure from previous medical 
intervention. Gene therapy can be con- 
sidered as a form of "euphenics" rather 
than the practice of "eugenics." The 
phenotype may be altered but not the 
genotype. Medicine has been proceeding 
in this manner since its beginnings. 

Although the use of DNA in such 
projected therapy causes no new ethical 
problems, many problems are raised as 
with other types of 'nnovative therapy. 
First, extensive animal experimentation 
is required to work out the details and to 
ensure safety of the proposed treatment. 
The severity of a disease is an important 
criterion in deciding when to introduce a 
new therapy. With mildly aflFected pa- 
tients one would hesitate to initiate a 
completely new therapy that might have 
unanticipated side effects. However, 
with life-threatening diseases, one might 
be less hesitant to use new treatments, 
particularty if the patient is in the end 
stages of the disease and no alternative 
treatments are available. For example, 
for a patient with a terminal malignancy 
a new treatment based on rational princi- 
ples that has not been worked out in all 
'etails in animals might be acceptable. 



The timing of the introduction of a new 
therapeutic modality depends on many 
factors. Observers with different medical 
or scientific backgrounds might have dif- 
ferent views. The recent controversy 
about the use of DNA therapy for two 
patients with thalassemia major in Italy 
and Israel is illustrative (30). Ma^ty sci- 
entists felt that these attempts were pre- 
mature in the absence of full animal 
experimentation. The U.S. investigator 
who attempted the therapy was a medi- 
cally qualified scientist who maintained 
that the patients had a life-threatening 
disease and that no meaningful alterna- 
tive treatment was available. This inci- 
dent was further beclouded by long de- 
lays in decision-making by a human ex- 
perimentation committee in the United 
States tnat was considering the appropri- 
ateness of the planned treatment. Before 
obtaining a ruling from this committee, 
the investigator decided to carry out the 
experimental treatment in othf.r coun- 
tries. Permission by ethics committees 
abroad was obtained more rapidly, but, 
since recombinant DNA (rather than a 
nonrecombinant DNA technique as 
specified in the application) was used, 
further problems arose (31), The investi- 
gator lost grant support from the Nation- 
al Institutes of Health for transgressing 
the relevant regulations. The patients 
apparently were neither helped nor 
harmed by the procedure, but a fuil 
account has not yet been published. The 
case attracted much public attention be- 
cause it represented the first attempted 
use of gene therapy in humans. 

Medical pioneers in the past, such as 
Jenner and Pasteur, performed their re- 
spective studies on smallpox and rabies 
prevention on a single human subject 
without the safeguards we demand to- 
day. lhc> were successful and estab- 
lished immunization schemes that wiped 
out dangerous and lethal diseases and 
saved many lives. In retrospect we hon- 
or their achievements, but there was no 
assurance at the time that the first vacci 
nated subjects would not suffer serious 
side effects or even contract the fatal 
diseases meant to be prevented. Current 
attitudes regarding human experimenta- 
tion are more in keeping with our respect 
for human autonomy and dignity. It is 
conceivable, however, that the ethics 
committees that are now required to 
approve proposed experimental treat- 
ments in humans might be unduly cau- 
tiou or conservative and might defer or 
prevent the introduction of innovative 
treatments with great potential impact. 
Since human subjects in the past have 
sometimes been abused by medical ex- 



perimenters, our current system of safe- 
guarding human subjects is clearly desir- 
able. But let us hope that this system will 
not inhibit imaginative new approaches 
in the prevention or treatment of human 
disease. 



Genetic Manipulation of FertUized Eggs 

Some recent technical developments 
may allow genetic manipulation of germ 
cells (32-38), In several experiments, 
isolated genes were introduced into 
mouse eggs shortly after fertilization 
when the male's genetic contribution 
was still present as a distinctive pronu- 
cleus. When rabbit or human DNA cod- 
ing for hemoglobin or some other protein 
from a different species as injected into 
the mouse pronucleii, the foreign DNA 
could in some instances be detected in 
the mouse offspring that developed from 
the fusion of the manipulated pronucleus 
and the egg*s pronucleus. Some mice 
actually synthesized the protein coded 
by the DNA of the donor species. In 
these cases, the transferred DNA func- 
tioned actively in cells that had differen- 
tiated after genetic manipulation of the 
fertilized egg. Furthermore, in some cas- 
es, the foreign genes had become incor- 
porated into germ cells, since the specif- 
ic protein synthesized under the signal of 
the transferred gene could be detected in 
offspring of the next generation and was 
again transmitted to the third generation. 
Means of overccining the low efficiency 
of integrating foreign DNA are still need- 
ed, and ways must be found to target 
genes to the appropriate chromoi>omes. 
Reliable, time-specific expression is like- 
ly to depend on correct integration. 
While much remains to be done, these 
experiments shov that genetic manipula- 
tion of germ cells is a distinct possibility. 

Techniques for the manipulation of 
germ cells are currently used by investi- 
gators studying gene regulation who at- 
tempt to understand how genes are 
turned **on" and * off." Practical apph- 
cations for such techniques may come in 
agriculture, since commercially useful 
traits, such as faster growth and higher 
milk yields, might be introduced into 
animal stocks by genetic manipulation of 
fertilized eggs. However, most of the 
valuable traits in livestock arc polygenic, 
so that conventional breeding techniques 
would have the same end result. If genes 
such as those for growth hormone or 
prolactin have a major effect on normal 
growth or milk yield, respectively, it 
might be possible to obtain the desired 
results by injection of the appropriate 
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genes into fertilized eggs rather than by 
the usual breeding techniques. It is diffi- 
cult to visualize human applications of 
such techniques, since the genetic ma- 
nipulation of human eggs would require 
prior knowledge of the genotypes of both 
the egg and the pronucleus of the sperm. 
Such genetic typing of germ cells is not 
possible with current technology. Never- 
theless, the animal studies raise the pos- 
sibility of future geuetic manipulation in 
humans. Unlike the somatic therapy 
with DNA discussed earlier, use of such 
technology would constitute a definitive 
qualitative departure from other thera- 
pies since it would affect future genera- 
tions. Extensive safeguards and public 
discussion would therefore be nefeded 
before these techniques were ever ap- 
plied in humans. 



Other Forms of Reproductive 
Engineering 

Sex selection by physicochemical or 
immunologic separation of sperm carry- 
ing X or Y chromoson.es has been dis- 
cussed for many years but has not yet 
been achieved. When such techniques 
do become successful, they will be used 
initially for sex choice in animal oreed- 
ing. Application to humans might also be 
relatively simple, and the possibility that 
the sex ratio of the population might 
become distorted has been discussed 
(39). 

Human fertilization in vitro to bypass 
blocked Fallopian tubes has been 
achieved several times but is technically 
difficult (40). When the procedure was 
first introduced, there was much discus- 
sion about possible misuse of the tech- 
nique since any sperm and any egg might 
be used for fertilization, it was feared 
that some women might hire themselves 
out as host mothers to bear embryos 
from other couples, that is, they would 
provide ''wombs for rent" {41). 1 consid- 
er it unlikely that widespread abuse will 
develop and the methoo does permit 
infertile couoles to have their own chil- 
dren. 

"Cloning" has been widdy discussed 
in the past {42) and was achieved in frogs 
some time ago. In this procedure the 
nucleus of a somatic cell is transplanted 
into an enucleated egg thereby allowing 
the exact reproduction of the genes of 
the individual from whom the transplant- 



ed nucleus was obtained. Recent devel- 
opments suggest that a similar approach, 
with nuclei being transplanted from em- 
bryonic mouse cells, might be used to 
clone mice {43). Even if cloning of hu- 
mans with nuclei from adult cells ever 
became possible it is unlikely that the 
procedure would be widely used. The 
occasional utilization of cloning of hu- 
mans would be both startling and of 
some scientific interest since pairs of 
**identical twins** of different ages could 
be produced. While this procedure has 
occasionally raised emotionally charged 
reactions I do not believe that cloning in 
humans will cause grave societal prob- 
lems in the future. 



General Comments 

There is agreement in most societies 
that medical practices that depart from 
current therapeutic modes or that intro- 
duce completely novel reproductive pro- 
cedures require public discussion. Scien- 
tists should be accountable to the public 
before they utilize such innovations. To 
be able to make wise and informed deci- 
sions in these matters, people must have 
some knowledge of human biology, in- 
eluding ^enrtics. This means that sci- 
ence education at all levels from elemen- 
tary schools through college needs to be 
strengthen^ t Teachers must be trained 
to offer exciting and attractive courses in 
human genetics and biology. Nontechni- 
cal science courses in colleges need to be 
emphasized. The media can play an im- 
portant part in this endeavor by explain- 
ing and reponing responsibly on new 
developments. Uninformed decision- 
making can lead io prohibition of laud- 
able but not particularly dangerous mno- 
vations. 

The new biologic revolution based on 
DNA has been with us for only one 
generation and genetic manipulation by 
gene splicing was developed less than 10 
years ago. Neither scientists nor the pub- 
lic in general h^ive absorbed the full 
impact of these developments. As more 
is learned about DNA and human genet- 
ics more problems are certain to arise. 
Nevertheless, well-informed human be- 
ings in enlightened democratic societies 
should foster the use of the new DNA 
technology in a responsible manner that 
will lead to better health and welfare for 
all. 
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Is genetic screening a marvel about to 
free us from the scourge of genetic dis- 
ease« or a menace about to invade our 
privacy and determine who may repro- 
duce? 

Genetic screening may be defined as a 
systematic search in a population for 
persons of certain genotypes. The usual 
purpose is to detect persons who them- 
selves arc at risk or whose offspring arc 
at risk for genetic diseases or genetically 
determined susceptibilities to environ- 
n'ental agents (/). When an individual is 
di.^gnoscd as having a genetic condition, 
the testing of relatives may be recom- 
mended. This "retrospective screening" 
diffe. s from the screening of individuals 
without known affected relatives (pro- 
spective screening). Genetic screening 
may be undertaken also for research 
purposes unrelated to disease or the im- 
provement of health. Retrospective 
screening and screening for research 
purposes will not be further considered 
here. 

Genetic screening differs from nongc- 
netic health screening in at least three 
important ways. First, whereas in both 
types of screening, identification of per- 
sons at risk may lead to the identification 
of others at risk, in the case of ordinary 
health screening the connection is often 
by physical proximity (contact) whcreSs 
in genetic screening it is by genetic prox- 
imity (kinship). Second, whereas in oih- 
er forms of health screening the concern 
is about the subject being screened, in 
genetic screening the concern is often 
about the subject*s offspring. Third, ge- 
netic screening carries an inherent risk of 
impairing self-image and perceived suit- 
ability as a marriage partner or parent. 



Types of Genetic Screening 

There are three principal types of ge- 
netic screening. Nev.born screening 
seeks disease in the newborn. Fetal (pre- 
natal) screening seeks disease in the fc- 
Carrier screening seeks heterozy- 
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gotes for genes for serious recessive dis- 
ease. The three types have, respective- 
ly, a long established, a recently estab- 
lished, and a yet to be established place 
in health care. 



Newborn greening 

Newborn screening has focused large- 
ly on the detection of inborn errors of 
metabolism. An inborn error of metabo- 
lism is an inherited biochemical defect, 
classically a deficiency of an intracellular 
enzyme. Such deficiencies cause disease 
due cither to the accumulation of the 
enzyme\s rcactant or its metabolites or 
to a deficiency of the cnzyme*s product. 

Phenylketonuria (PKU) was the first 
condition for which newborn screening 
was widely adopted (2). Mass screening 
was feasible, despite the disease's low 
incidence by public health standards (1 
in 11.500) (i). because of the discovery, 
by Guthrie in 1961 (-/). of a bacterial 
growth inhibition assay for measuring 
blood phenylalanine. Before a newborn 
is discharged from the hospital, a sample 
of its blood is spotted onto filter paper 
and mailed to a regional laboratory (5). 
Despite the fact that most states made 
newborn screening for PKU mandatory 
before methods for diagnosis and treat- 
ment of the disease were firmly estab- 
lished, newborn screening for PKU re- 
mains a major triumph of «enetic screen- 
ing (6). A low phenylalanine diet begun 
in the first fe^v weeks of life prevents 
marked mental retardation in affected 
children. 

Phenylketonuriri. initially thought to 
be a single disease, illustrates the phe- 
nomenon of genetic heterogeneity. High 
concentrations of phenylalanine in the 
blood of a newborn may have muliiple 
genetic and dcvelopmenta/ causes. In 
addition to classical PKU nue to phenyl- 
alanine hydroxylase deficiency, there is 
a transient hyperphenylalaninemia iue 
to hepatic immaturity. This abnormality 
disappears without .reatment. More seri- 

1^4 



ous are some variant forms of PKU due 
to either a deficiency of dihydrcpteridine 
reductase or a defect in dihydrobiopterin 
synthesis (2. 7). These disorders requi: ^ 
spcciai procedures for diagnosis. Mental 
retardation is not prevented by phenyl- 
alanine restriction alone; a deficiency 
of monoamine neurotransmitters is also 
present. The efficacy of drug treatment 
for this deficiency is under stu' y. At 
least c\i Jt causes for hyperphenylala- 
ninemia in the newborn have been dis- 
covered (7), largely through newborn 
screening. In fact, any given clinical syn- 
drome may have multiple genetic causes, 
each with its individual requirements 
for recognition and management. Such 
genetic heterogeneity, while providing 
valuable scientific insights into metabol- 
ic vagaries, makes genuine comprehen- 
siveness of genetic screening programs 
an elusive goal. 

With re/iard to classical PKU, ques- 
tions rehuin. Must the diet be cont'.iued 
into adult life? A woman with undetected 
PKU and with unrestricted phenylala- 
nine intake has a risk of producing chil- 
dren with severe mental and physical 
defects caused by high phenylalanine 
levels in the maternal blood {8). Al- 
though such women can hrve normal 
children if phenylalanine restriction is 
reinstituted prior to conception, their 
PKU may remain unknown to them or 
their physician. The QucOec Network of 
Genetic Medicine has instituted a regis- 
ter for all persons in Quebec Province 
known to have PKU (9). It contacts them 
on their I2th birthday to pro\ ^e coun- 
seling about their reproductive options, 
that is. planned pregnancy with phenyl- 
alanine restriction, termination of an un- 
planned or untreated pregnancy, reliable 
birth control, sterilization, or adoption. 
This program illustrates how rovern^ 
ment can fulfil! a need for long-term 
tracking that is difficult for private n-.^ui- 
cin^ because of the multiplicity < i pro- 
viders of care for one individual. 

Other inborn errors freqiien;W 
screened for at birth are galactosemia, 
branched-chain ketonuria (maple syrup 
urine disease), and homocystinuria. Like 
PKU these inborn errors may cause 
severe mental retardation or death which 
may be preventable by promptly institut- 
ed dietary treatment. However, the ben- 
efit of screening is less clear-cut h'^cause 
of othei eatures. such as rapidity of 
onset of symptoms, comp. xHy of treat- 
ment, or rarity of the condition (10). 

A major recent addition to newborn 

The author is professor of medicine, pediairits. 
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screening is testing for hypothyroidism 
(//). In most cases this is due to a 
multifactorial deficiency of thyroid tis- 
sue, rather than to an inborn metabolic 
error. Mental and physical retardation 
can be prevented by treatment, consist- 
ing of thyroid hormone replacement. No 
special diet is required. It is significant- 
ly more frequent (one in 4000) (12) than 
other conditions usually screened for at 
birth. 

Of the various types of genetic screen- 
ing, newborn screening is the most wide- 
ly practiced. The great majority of in- 
fants bom in the United States are tested 
for the above conditions resulting in a 
marked decrease in the number of symp- 
tomatic children. The cost of PKU 
screening is more than ofifset by the 
savings in health care required (usually 
institutionalization) without screening 
(13). Testing for other inborn errors on 
the same blood sample entails little ad- 
ditional cost. Newborn screening repre- 
sents one form of genetic screening in 
which government has effectively partic- 
ipated. State health departments, which 
are responsible for the supervision of 
newborn screening, have effectively 
pooled resources on a regional basis for 
greater efficiency (for example. New En- 
gland Siates Northwes* ;n states-Alas- 
ka). 

Nevertheless, important issues ren^ain 
U4). First, what additional diseases 
should be screened for? Several diseases 
proposed and some arguments made 
against them are adenosine deaminase 
deficiency (rare), tyrosinemia/tyrosino- 
sis (rare except in certain populations), 
histidinemia (symptoms variable, treat- 
ment unproven), chromosomal disorders 
(15) (no intervention proposed), familial 
hypercholesterolemia {t6) (treatment of 
unproven benefit), cystic fibrosis (treat- 
ment unsatisfactory), sickle cell disease 
(treatment unsatisfactory) (IT), and Du- 
chenne muscular dystrophy (treatment 
unsatisfactory) (18). 

In the case of diseases for which treat- 
ment is ineffective, the argument has 
been made that neonatal diagnosis gives 
parents ihe opportunity to avoid the 
birth of a second affected child. Howev- 
er, the resulting decrease in incidence is 
small: assuming two-child families and 
abstinence from childbeanng by all 
counseled couples, the reduction in inci- 
dence is only i/8 (/9). Second, should a 
second sample be obtained after hospital 
discharge because some cases may b^ 
missed by eE»*ly discharge? Third, should 
,tate^ appropriate ttnds, not only for 
diagnosis but to ensure adequate treat- 
ment? Fourth, how can nongovernment 
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laboratories which do the testing in some 
states be more effectively monitored? 
Fifth, should newborn screening be le- 
gally mandated e. should informed con- 
sent be sought prior to testing, as in 
Maryland (20)'} 



Fi»tal Screening and Prenatal Diagnosis 

Prenatal diagnosis of birth defects rep- 
resents one of the most important practi- 
cal advances in medical genetics in re- 
cent years. In most cases the fetal cells 
analyzed are obtained by amniocentesis, 
the removal of amniotic fluid containing 
sloughed fetal skin cells at 14 to 20 weeks 
of pregnancy. The commonest indication 
for fetal screening is a maternal age of 35 
or greater because of the increased risk 
for an offspring with a chromosomal 
anomaly. The most common of these is 
Down's syndrome; the abnormality is 
paternal in origin in 30 p^^rcent of cases 

(21) . Prospective parents exposed to mu- 
tagenic agents such as chemicals and x- 
rays often seek prenatal diagnosis but 
are difficult to aid because most birth 
defects are not detectable by chromo- 
somal analysis. 

Prenatal diagnosis may also be indicat- 
ed if a previous child has had a chromo- 
some abnormality, if either parent is a 
carrier of a chromosomal anomaly (most 
commonly a balanced translocation), if a 
previous child or a close relative has had 
a neural tube defect, if the mother is a 
known or a presumed carrier of a serious 
X chromosome-linked recessive disor- 
der (for example, hemophilia or Du- 
chenne muscular dystrophy), or if both 
parents are known carriers of a gene for 
a significant autosomal recessive disor- 
der detectable in utero (for example, 
Tay-Sachs disease). 

Cytogenetic, biochemical, and devel- 
opmental disorders involve different 
methods of analysis of the amniotic fluid 
cells obtained. In the case of neural tube 
defects, the commonly used biochemical 
marker is an increased concentration of 
a-fetoprctein, found where the fetus' 
spinal canal is in direct contact with the 
amniotic fluid C'open'' cases) 

The gene product can be directly mea- 
sured in a large number of conditions 

(22) , usually by assay of enzymatic activ- 
ity (foi example, in mucopolysaccha- 
ridoses: Less satisfactory is the prenatal 
diagnosis of X chromosome-linked con- 
ditions in which the biochemical defect is 
not known. In the case of Duchenne 
muscular dystrophy, a devastating disor- 
der uniformly fatal in young adult life, 
parents at risk must decioe whether to 



abort any male fetus even though there is 
only a 50 percent chance that a given 
male fetus has inhented the X chromo- 
some bearing the Duchenne gene. 

Recently, analysis of DNA from cells 
in the amniotic fluid has permitted prena- 
tal diagnosis of hemoglobinopathies. 
Sickle cell anemia in the fetus can be 
diagnosed by restriction enzymes Dde I 
(2J) and Mst II (24) because the nucleo- 
tide substitution in the sickle gene elimi- 
nates a restriction site for each enzyme. 
Various forms of thalassemia may be 
diagnosed by detection of the change in 
DNA that is causing the disease, for 
example, a deletion (25). Because of the 
multiplicity of mutations that cause thal- 
assemia, however, analysis of genetic 
linkage between globin gene loci and 
polymorphic restriction sites is often 
necessary (26). Synthetic oligonucleo- 
tide probes specific for normal or mutant 
nucleotide sequences have also been 
used (27). Prenatal diagnosis based on 
linkage to polymorphic restriction sites 
is expected to become possible for any 
single-gene disorder (28). 

Amniocentesis cannot be performed 
before the second trimester of pregnan- 
cy, and by the time results are available 
fetal movement may have been felt. Di- 
agnosis during the first trimester would 
be preferable, both because of greater 
patient acceptance and because pregnan- 
cy termination would then be safer. An 
alternative method of diagnosis is to ob- 
tain, tra- vaginally at 6 to 10 weeks of 
pregnane^, samples of chorionic villi. 
These villi are of fetal origin and may be 
used for the prenatal diagnosis of hemo- 
globinopathies (29) and chromosome ab- 
normalities. 

Prenatal diagnostic methods have en- 
abled many couples with a known genet- 
ic risk to have h^. Ithy children. As a 
result, the incidence of certain genetic 
diseases, for example, Tay-Sachs dis- 
ease (30), Down's synororne (31), and, in 
some regions, thalassemia major (Coo- 
ley's anemia) (32) has been mar.vedly 
reduced, fetal screening in cases of ad- 
vanced matem?»l age has been widely 
adopted. An important factor has been 
extensive media coverage leading to a 
demand for services. Lawsuits,^ brought 
against obstetricians by parents of chil- 
dren with birth defects detectable but not 
detected by prenatal diagnosis because it 
was no offered, have educated obstt ri- 
cians beyond the plaintiff. 

Many issues remain to be resolved. 
Some of these are technical, for exam- 
ple, the need for safer methods to sample 
fetal blood, required at present for the 
diagnosis of hemophilia ind currently 
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carrying a 4 to 5 percent fetal mortality. 
One approach under investigation is the 
detection and sorting of fetal blood cells 
from the maternal circulation by means 
of flow cytometric methods. Other issues 
require more information to be resolved, 
for example, what should a physician tell 
parents about the phenotype of their 
child when fetal chromosome analysis 
reveals a previously undescribed karyo- 
type? A major controversy is whether 
every pregnant woman should be 
screened for elevated concentrations of 
serum a-fetoprotein which can signal an 
increased risk of a neural tube defect in 
her fetus. Among the issues are the abili- 
ty of providers to follow a complex se- 
quence of diagnostic steps in following 
up elevated a-fetoprotein values, gov- 
ernment regulation of reagent use, and 
whether benefits will outweigh costs (in 
view of the incidence of the defect in the 
United States (one in 590 births)] (33). 

The overriding issue in the promulga- 
tion of prenatal diagnosis for birth de- 
fects is, of course, the controversy over 
abortion. Many parents who find abor- 
tion unacceptable in other circumstances 
do choose to terminate a pregnancy in 
which the fetus is proved to have a 
serious birth defect, in fact, prenatal 
diagnosis has had a **pro-life** effect for 
couples who previously avoided preg- 
nancy because of a genetic risk but now 
willingly vcnceive (34). Further, some 
couples choose prenatal diagnosis with 
no thought of termination but rather to 
prepare for the birth of a child with 
special needs. 

The lower socioeconomic groups are 
still underserved by this new technology. 
At least part of this underutilization is 
inadequate access to these services and 
insufficient understanding of their bene- 
fits {35). 



Carrier Screening 

Carrier screening is the identification 
of heterozygotes for an autosomal reces- 
sive or X-linked recessive disease. To 
many people, **genetic screenmg** 
brings to mind chiefly carrier screening 
because it is this form of screening that 
has frequently been carried out through 
public appeals, whereas newborn and 
prenatal screening have been carried out 
in the course of regular health care. 

Many considerations should be 
weighed in establishing carrier screening 
programs {36). First, the disease in ques- 
tion should be serious. Second, the test 
to be performed on the population at risk 
should be simple, relatively inexpensive, 



and sensitive enough not to miss positive 
individuals. If the test itself is not specif- 
ic, then a backup test of adequate speci- 
ficity should be available. Third, the 
individual identified as positive should 
have some options. For example, mar- 
ried couples identified as heing at risk tcr 
a recessive disease for which there is no 
prenatal diagnosis might choose to "ake 
the risk, undergo artificial insemination, 
or adopt a child and forgo pregnancy. 
But providing such information might 
not be a service since all of the options 
might be unattractive. Fourth, the costs 
avoided should exceed the costs in- 
curred. A major determinant of the cost 
is the frequency of the disorder in the 
population screened. 

Tay-Sachs disease was the first disor- 
der for which large-scale carrier screen- 
ing was done in the United States. Tay- 
Sachs disease meets most of the criteria 
above. It is serious, being characterized 
by developmental delay, blindness, sei- 
zures, and paralysis; it is usually fatal by 
age 3; and it is without specific treat- 
ment. There is a satisfactory test for the 
carrier state. Prenatal diagnosis is avail- 
able for the enzyme (hexosaminidase A) 
in amniotic fluid cells. The disease oc- 
curs predominantly in the Ashkenazi 
Jewish population. Kaback directed a 
program in the Washington/Baltimore 
area in the early I970's with excellent 
results {37), and since then similar pro- 
grams have been initiated in most large 
U.S. cities and many cities abroad. The 
relative incidence of Tay-Sachs disease 
has been significantly reduced by such 
programs (as weii as by exogamy) and 
couples at risk have been able to have 
only healthy children. 

In contrast to this generally successful 
experience with Tay-Sachs screening 
was tne experience with sickle cell 
screening in the early I970's. Some of 
the screening programs were politically 
motivated and lacked sufficient exper- 
tise, confidentiality, and provision for 
the counseling of subjects identified as 
positive. Positive individuals often suf- 
fered a decreased seif-image {38). Posi- 
tive children were often overproiecled 
by parents. Individuals were sometimes 
discriminated against for purposes of 
marriage, employment, or insurance. A 
revealing s^.udy of a sickle screening pro- 
gram was conducted in Orchomenos. a 
Greek village where marriages wer^j fre- 
quently arranged by parents, a conceiv- 
ably ideal arrangement to take into ac- 
count genetic knowledge. Nevertheless 
earners were stigmatizi^d as undesirable 
marriage partners, not v>nly for other 
carriers, but for everyone {39). Another 



adverse result of the U.S. screening pro- 
gram was the exposure ^f nonpaternity, 
that is, the fathering ^ child by some- 
one other than the presumed father. 
Many states passed laws requiring sickle 
testing at birth, at school entry, or prior 
to marriage, laws leading to charges by 
blacks of attempted genocide. 

In theory, it should be easy to avert 
some of these unfortunate results by 
providing accurate testing, adequate 
counseling, and strict confidentiality. 
These goals are difficult to achieve in 
public programs. A major reason is the 
regrettable fact that the average citizen 
lacks the background in biology and ge- 
netics to comprehend the significance of 
the carrier state. 

Few diseases are common enough in 
the general population to merit carrier 
screening. Many genetic diseases have 
an especially high incidence in a particu- 
lar ethnic, racial, or religious group {40). 
Screening only members of such a group 
involves difficulty in determining who is 
a member of that group and risks charges 
of discrimination. A group to be 
screened should have a partr.-rship role 
ir planning any scr;:ening effort. The 
'nost common serious autosomal reces- 
sive disease in Caucasians is cystic fibro- 
sis, but at present there is no satisfactory 
test for the hetcozygoie. 

The best age for carrier screening is 
arguable. The newborn identified as hav- 
ing sickle tiait is not likely to benefit 
directly sincv" reproduction is remote. 
However, if the parents are screened and 
found to be at risk for a child with sickle 
cell anemia, the information may be a 
significant benefit to the family unit, 
particularly now that prenatal diagnosis 
of sickle cell anemia by DNA analysis is 
safe and accurate. 

A major issue in genetic screening is 
whether it shouiii be legally mandated or 
voluntary. Arguments made for manda- 
tory screening are higher compliance 
rates, lower unit cost, timely execution, 
and facilitation of record keepmg of inci- 
dence and outcome. However, voluntary 
screening is more in keeping with the 
American tradition. It recognizes the 
fact that not all citizens will benefit 
equally, for example, those who do not 
condone termination of pregnancy may 
not view prenatal diagnosis as a benefit. 
Voluntary screening may also reduce the 
likelihood of adverse psychological ef- 
fects if the screening is preceded by 
appropriate education about the benefits 
and risks of testing and if consent for 
testing IS truly informed. Whereas in 
most states newborn screening is legally 
mandated, carrier screening is generally 
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voluntary. A National Academy of Sci- 
ences Committee has condemned man- 
datory carrier screening {41). 

A quite separate issue is whether ge- 
netic carrier screening should be a public 
or private matter. Th r Tay-Sachs and 
sickle eel! screening p ograms described 
above were condu'^tcd publicly and in- 
volved temples, churches, fraternal or- 
ganizations, and in some cases an- 
nouncement by the media. Advantages 
of such sponsorship include the assist- 
ance of the voluntary organization in 
enlisting screenees in a group education- 
al program prior to screening and volun- 
tary personnel who may donate time and 
provide support for those found to be 
positive. However, an equally good case 
can be made for incorporation of certain 
types of screening into primary health 
care {42). For all its success the Tay- 
Sachs programs have screened only 10 
percent of the adult target population in 
10 years {43). Public screening efforts 
may involve subtle forms of coercion, 
for example, among me nbers of an ex- 
tended family, and may risk stigmatizing 
carriers {44). A regular health setting is 
more likely to provide confidentiality 
and needed follow-up and to avoid dupli- 
cation of testing. Voluntary groups may 
operate only intermittently and for some 
populations there may be no suitable 
organization. The success of the Tay- 
Sachs effort has been due in no small 
part to the high educational attainment of 
this population group and, to the extent 
that this characteristic does not apply to 
other population groups, other screening 
efforts may be less successful. Rosen- 
stock {45) has observed that ''systematic 
efforts to develop rational screening pro- 
grams on a regional level are likely to 
pay greater health dividends than a 
series of unrelated opportuni-^tic pro- 
grams.'* 

To claim that genetic screening is ide- 
ally provided by the pnmary health care 
sector IS not to claim that this sector is 
now ideally equipped to shoulder the 
task. First of all, the poor integration 
among health care providers in the Unit- 
ed States compared to most Western 
countries causes duplication of effort and 
lack of follow-up {46). Second, most 
medical practitioners, excepting family 
practitioners, are oriented to the care of 
the individual rather than to the care of 
the family as a unit. Much pnmary medi- 
cal CI re today is rendered by the special- 
ist. The pediatrician may make a genetic 
diagnosis but leave reproductive coun- 
seling to the obstetncian who may fail to 
lake a family history. Preventive medi- 
cine as a whole has taken a lathe lOwer 
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hold on the practice of medicine than 
might be desired. For the most part, 
adult medical care still waits for the 
individual to appear with a **chief com- 
plaint.'* 

Genetic knowledge among medical 
practitioners is deficient {47). A survey 
of pediatricians, obstetricians, and fam- 
ily practitioners in 1974 found that nearly 
three-quarters reported that no course in 
genetics had been available during their 
medical training and that, as a whole, 
these physicians were not ready to ac- 
cept genetic screening {48}. Although the 
pe»*centage of medical schools with a 
formal course in genetics increased from 
8.6 percent in 1955 to 75 percent in 1978, 
teaching is still pnnianly in the first 2 
years of inedical school and lacks ade- 
quate integration into clinical training 
{49). 

Just as la>men have played a role in 
educating obstetricians about the bene- 
fits of prenatal diagnosis, so laymen 
must ultimately educate physicians as a 
whole about their desires for genetic 
screening. An important contribution to- 
ward this end has been made by Scriver 
and his colleagues who developed a ge- 
netics curriculum for Montreal high 
school students. In the context of learn- 
ing about genetic differences among nor- 
mal individuals, high school students had 
a 75 percent acceptance rate of earner 
(Tay-Sachs) testing compared to a 10 
percent acceptance rale among adults 
{50). Conducting genetic screening in 
public schools requires parental permis- 
sion in most U.S. communities and can 
be cnticized as risking coercion through 
peer pressure. However, public schools 
are ideal for educating the public about 
genetics. If itizens learn simple genetic 
principles as part of their high vchool 
education, they can better understand 
the significance of genetic tests offered 
later and help health care policy-makers 
decide what information will be useful 
Childs and Hickman (5/) have outlined 
how genetics coiJd serve as a focal point 
for the teaching of human biologv 
throughout elementary and secondary 
school years. 

informed consen; is generally stated to 
be a requirement for genetic screening. 
This is abrogated by most states m the 
case of newborn screening where it is 
generally felt that the stakes are too h:gh 
and time too short to make it voluntary 
{20). In favor of informed consent for 
most types of genetic screening is the 
recognition that genetic information is 
psychologically different from other 
health information in that it refers to an 
immutable part of oneself which may 



complicate marital and reproductive 
plans. Nevertheless, it is common for 
parents of a child born with a prevent- 
able birth defect to ask. "Why didn't you 
doctors tells us this could happen? We 
would never willingly have had a ' uild 
like this!'' The problem with requiring 
informed consent in the primary health 
care setting is the fact that it can be 
argued that as much time must be spent 
in obtaining informed consent as in edu- 
cating the individual found to be positive 
about the significance of the result. Con- 
sequently, a case can be made for includ- 
ing appropriate genetic screening as a 
part of multiphasic health screening. The 
person to be screened could be informed 
as to purpose by means of fact sheets 
provided in advance and giving the per- 
son the opportunity to decline. Such a 
procedure is feasible only if adequate 
provision is made for counseling subjects 
found to be positive. Videotapes supple- 
mented by vsritten material to take home 
may i educe the totai professional time 
required. A medical genetic paraprofes- 
sional, or "genetic associate," can be of 
enormous value in answering the many 
questions that genetic screening pro- 
grams elicit (52). 

The National Genetic Diseases Act of 
1976 has provided federal money to 34 
states to support genetic testing and 
counseling services, much of which has 
provide^ salary support for genetic asso- 
ciates {53). Since 1981, however, federal 
administrative changes and funding cuts 
ha\e threatened the continuation of 
these programs. 

In many cases reluctance to undergo 
gen lie screening is the result of consid- 
ering only the short-term risk of anxiety 
related to the testing procedure rather 
than the long-term risk of anxiety associ- 
ated with the birth of a child with a 
serious generic defect. In so far as this 
reluctance represents a lack of aware- 
ness, more attention might be devoted to 
persuading individuals to find out what 
they need to know about their genetic 
constitution. Such educational programs 
deserve as much effort and imagination 
as are now invested in persuading people 
to choose a given antacid. 

Occupational Screening 

Genetic screening in industry has two 
different rationales. The first is the iden- 
tification of individuals at greater risk 
than the average worker for suffering 
adverse effects from industrial expo- 
sures. The second is the use of genetic 
tests (for example, chromosome anaiy- 
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sis) to detect actual or potential genetic 
damage to the genetically normal work- 
er. 

Omenn {54) has listed criteria for traits 
for which occupational testing might be 
justifiable: (i) a sufficiently high preva- 
lence of the trait in the worker popula 
tion: (ii) a significant increase in the risk 
of morbidity in workers with the trait 
compared to those without it: (iii) the 
availability of a test to detect the trait 
which is reliable and inexpensive: and 
(iv) a clear understanding between man- 
agement and labor about what action 
might be taken on the basis of test results 
and who would have access to this infor- 
mation. Omenn {54) has also listed traits 
known to be genetically polymorphic 
and which, if deficient, might predispose 
an individual to occupational morbidity 
upon exposure to chemical igents (^V- 
acetyltransferase, plasma pseudocholin- 
esterase, glucose-6-phosphate dehydro- 
genase, and methemoglobin reductase 
deficiency) and to inhaled pollutants (a|- 
antitrypsin, aryl hydrocarbon hydroxy- 
lase inducibility, metabolic conversion 
of nicotine, and plasma paraoxonase). 

It was recently reported that 59 major 
corporations were considering adopting 
sou kind of genetic testing of employ- 
ees {55\. ^ abor leaders and toxiculugists 
have expressed concern that industry is 
putting a bigger emphasis on "weeding 
out the susceptioles" than on cleaning 
up the workplace. 

Today, many people believe that the 
statement made by Cooper 06) a decade 
ago still applies: 

What IS the current sta^c of tests of h\per- 
susceptibility? There is insufficient epidemio- 
logic evidence to support the use of ar> of 
them as a criterion for empIo\abilit> without 
many qualifications. On the other hand, there 
IS ample scientific evidence to support wider 
testing. Premature assumptions as to the ne- 
cessity for such test* oroveroptimistic claims 
for the benefits can actuaiK impede testing 
On the basis of what we now know, no 
employers should be regarded as liable or 
derelict for not choosing to screen hi« employ- 
ees. If he screens all employees, he would 
have to consider whether he would be regard- 
ed as liable to criticism for using a positive 
test to deny employment, or conversely, for 
jeopardizing the health of an individual per 
mitted to work with a positive test It it is 
clearly understood that the appropriate appli- 
cation of tests of hypersusceptibilily is still on 
irial, then progress can be made in studying 
them. 

The workplace is only one example of 
an environment that may reveal geneti- 
cally determined differences in suscepti- 
bilities among individuals. The morbidity 
to be reduced by genetic screening is 
thus not due to genetic factors exclusive- 



ly, but rather due to an interaction be- 
tween specific genetic and specific envi- 
ronmental factors. Childs (57) has de- 
plored the tendency to categorize a dis- 
ease as due exclusively to heredity or to 
the environment. He has emphasized 
that each patient presentation calls for 
assessing the separate contributions of 
genetic and environme ital factors. 



Screening Donors for 
Artificial Insemination 

Ii is possible for a woman whose mate 
has a dominant gene for a serious genetic 
disease, or who shares with her mate a 
gene for a serious autosomal recessive 
disease, or who has no male partner, to 
bear a healthy child by means of artificial 
insemination. It is the responsibility of 
the physician performing artificia' insem- 
."^ation to maximize the probability that 
the resulting child will be born healthy. 
Hence the genetic screening of the sperm 
donor should be particularly comprehen- 
sive. Such screening should include a 
complete medical history with inforrr 
tion on any exposure to radiation or 
mutagenic drugs, a reproductive as well 
is family history . Rh typing if the recipi- 
ent is Rh-negative. and testing for any 
heterozygous state commonly found in 
his or the recipient's ethnic group {58). 



Population Aspects of Genetic Screening 

Hohenemser et aL {59) have suggested 
a method for constructing, for any tech- 
nological innovation, a profile of hazard- 
ousness. This profile reflects both haz- 
ards (threats to humans and what they 
value) and risks (quantitative measures 
of hazard consequences that can be 
expressed as conditional probabilities 
of experiencing harm). Since genetic 
screening can aftect the genetic structure 
of offspring, the 'Effects v^fsuch screening 
may be long lasting. However, unless 
choices were to be mandated on a large 
scale, no significant alteration in the ge- 
netic structure of population^ would be 
likely. Hence, ensuring the availability 
of fr»;e choice should ensure continued 
genetic diversity of the population. 



imitations of Screening Capabilities 

It has been estimated that, of every 
200 newborns, approximately two will 
have a significant sinj^le gene d'^.uer. 
one will have a chromosome disorder, 
eight will have a sign'ricant congenU*Ji 
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malformation, two to fovir will have idio- 
pathic mental retardation, and nine will 
have a multifactorial (partly genetic) dis- 
order of later onset (for example, diabe- 
tes, coronary heart disease, psychoses) 
{60). Genetic screening can identify the 
risk of many monogenic disorders by 
study of the prospective par jnts and can 
identify chromosomal disorders and ad- 
ditional monogenic disorders f:om study 
of the fetus. But such screening prenatal- 
ly cannot readily identify rtiullifactorial 
disorders, including most instances of 
idiopathic mental retardation and con- 
genital malformations. 

In addition to the genetic factors trans- 
mitted from parer.(s to child, the occur- 
rence of new n utations must also be 
considercii. New dominant mutations 
may caiise genetic disease regardless of 
the screening of prospective parents. 
Methods to monitor human mutation 
rates arc urgently needed because of 
increased environmental exposure to 
mutagenic agencs. 



Psychological Aspects of 
Genetic Screening 

Discussions of genetic screening often 
refer to reproductive decision-making as 
though reproduction were necessarily 
preceded by deliberation. In fact, even 
for couples at genetic risk, many concep- 
tions are not planned, others represent 
attempts to compensate for a deceased 
or defective child, still others constitute 
efforts, often unconscious, to demon- 
strate ability to bear a normal child. The 
average couple has difficulty uith the 
concept of probabihty and may. while 
Ignoring the actual risk of its occurrence 
(6.'). convert a statement of risk (for 
example. <x 1 percent chance of having a 
child with a chromosome abnormahty) 
into a binary statement (either it will or it 
will not happen) They then may visual- 
ize the V orst outcome and judge whether 
or not they could cope with u (62). 
Additional informr.tion on the process of 
genetic counseling is provided elsewhere 
{63). Achieving the full benefits of genet- 
ic screening will require better methods 
for communicating risk information 
based upon a better understanding of 
how individuals deal with probabilities of 
adverse reproductive outcomes. 



Ethical Aspects of Genetic Screening 

Genetic screening programs, existing 
and proposed, have sp? rked many ethi- 
cal debates over thr past decade [f>4,. 
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The President's Commission for the 
Study of Ethical Problems in Medicine 
and Biomedical and Behavioral Re- 
search has recently issued a report on 
the ethical, social, and legal implica- 
tions of genetic screening, counseling, 
and education programs {53), The Com- 
mission enunciates five principles and 
makes some recommendations. Ex- 
cerpts are: 

1) Confidentiality. "Genetic informa- 
tion should not be given to unrelated 
third parties. ..." However, adoption 
laws should be changed so that informa- 
tion about serious genetic risks can be 
conveyed to adoptees or their biological 
families without betraying anonymity. 

2) Autono-ny. "Mandatory genetic 
screening programs are only justified 
when voluntary testing proves inade- 
quate to prevent serious harm to the 
defenseless, such as children, that could 
be avoided were screening performed. 
. , . The value of the informatiwii provid- 
ed by genetic screening and counseling 
would be diminished if available repro- 
ductive choices were to be restricted. 
(This is a factual conclusion that is not 
intended to involve the Commission in a 
national debate over abortion.)" 

3) Knowledge. "Decisions regarding 
the release of incidental findings (such as 
nonpaternity) or sensitive findings (such 
as diagnosis of an XY female) should 
begin with the presumption in favor of 
disclosure. . . ." An informed public re- 
quires, not just extensive genetic coun- 
seling services, but more intensive expo- 
sure to genetic principles m public 
schools. 

4) Well-he in};. "Screening programs 
should not be undertaken until the 
[screening] test has first demonstrated its 
value in well-conducted, large-scale pilot 
studies. ... A full range of prcscrecning 
and follow up services for the population 
to be screened should be available before 
a program is introduced." 

5) Equity, "Access to screening may 
take account of the incidence of genetic 
disease in various racial or ethnic groups 
within the population without violating 
the principles of equity, justice, and fair- 
ness." 

The above precepts are concerned 
primarily with protecting the individu- 
al from undesirable effects of genetic 
screening. Such effects will be mini- 
mized if screening programs adopt the 
specific goal, not of reducing the inci- 
dence of a disease, but of maximizing 
options available to couples at risk for an 
affected child. 

The larger ethicai issues in genetic 
screening concern whether the benefits 



of a proposed screening program will 
outweigh the burdens, and. if this is 
judged to be likely, what priority to 
assign the program in competition for 
limited resources with other desirable 
programs of health care. As in other 
fields of medicine, a case-by-ca^e analy- 
sis, as advocated by Toulmin (65), may 
be more helpful than abstract principles. 

Legal Aspects of Genetic Screening 

If a family had an undesirable repro- 
ductive outcome, such as the birth of a 
defective child, and there was reason to 
identify the family as at increased risk 
for such an outcome, and yet the physi- 
cian did not inform them of their options 
(for example, prenatal diagnosis), then 
the family may decide to brine suit 
against the physician {66). Other exam- 
ples of legal liability in the provision of 
genetic services include intervention 
which proves harmful, for example, arti- 
ficial insemination resulting in the birth 
of a child with Tay-Sachs disease (67). or 
breach of cohfidentiality occurring when 
a physician notifies relatives of their 
genetic risk without the permission of 
the patient {68). 



Conclusions 

Genetic screening thus represents nei* 
ther a panacea nor an anathema. Among 
Its past accomplishments are reduction 
in ihe incidence of symptomatic inborn 
errors through newborn screening and. 
for many couples at risk for a child with a 
serious birth defect, provision of the 
option to avoid hav.ng a child with a 
defect that could have been detected. 
Still uncertain is the advantage to be 
gained by optimal provision of carrier 
testing. IndividUc'l differences in recep- 
tivity to genetic information and in re- 
productive preferences comphcate poli- 
cy-making. 

If the promise of genetic screening is 
to be fulfilled, certain needs for the fu- 
ture are evident. First, research must be 
conducted on the best delivery mecha- 
nism for technologies already at hand. 
For example, now that it is possi'Me for a 
couple at nsk to avoid the birth of a first 
child with sickle cell anemia or Cooley's 
anemia by analyzing fetal DNA. w^ t 
kind of screening program should uc 
used to ident Ty such couples? Compari- 
sons arc needed between various meth- 
ods of delivery of genetic services (69). 
The roles of the health care provider, the 
voluntary organization, and local, state. 



and federal governments should be clari- 
fied and integrated {70). Legislative and 
executive branches need the advice of 
commissions which include medical ge- 
neticists to prevent hasty legislation and 
to provide for timely updating of health 
policy without requinng legislative revi- 
sion, such as provided in Maryland by 
the Commission on Hereditary Disor- 
ders (7/). 

Kaback has distinguished three ap- 
proaches to the control of genetic dis- 
ease: cure, effective therapy, and pre- 
vention (72). Cure— that is, the correc- 
tion of the intrinsic defect in germ line 
DNA — is not in the immediate future, 
despite the success of certain recent 
gene transfer experiments with the use of 
somatic cells in vitro. Prevention is a 
high priority primarily because truly 
effective therapy is not available for 
most genetic diseases. 

The scientific community bears a re- 
sponsibility, not only to expand knowl- 
edge but also to educate the public. 
Scientists must assist their fellow citi- 
zens in understanding the true promise 
of science, including what science can- 
not provide. Science provides options 
but individuals must choose among 
them. 
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The scientific community generally agrees that objective meas- 
ures of the hazards presented by toxic chemicals, food addi- 
tives, or occupational exposures are needed to clarify the 
trade-offs that are a part of public and private regulatory decisions. 
The search for **risk indicators" to help both the policymakers and the 
public understand potential hazards has assumed great popularity 
among scientists. But conflicts arise over the appropriate role of 
scientists who assist in public-policy efforts designed to minimize the 
costs and hazards associated with technological change. Those who 
aigue that scientists should help the government cope with the un- 
certainties presented by new technologies are challenged by col- 
leagues who believe that these issues are inherently more political 
than scientific in nature. One outgrowth of the search for a means to 
balance scientific objectivity with politic ' action has been the in- 
creased emphasis on studies of risk assessment. 

Chauncey Starr introduces one of the first quantitative efforts to 
respond to the question, How safe is safe enough? In his risk-benefit 
analysis, Starr measures the acceptability of voluntary and in- 
voluntary risks using data on accidental deaths arising from tech- 
nological developments already in pubhc use. He then extrapolates 
from these figures to estimate the level of risk of new technologies 
seeking to provide similar services. 

Judge David L. Bazelon focuses on the invisible judgments often 
imbedded in risk assessments in his article on risk and responsibility. 
Judgments involved in government regulatory decisions affecting 
public health and safety, notes, Cun no longer be delegated to 
so-called disinterested scientists. He recommends that society rely 
instead on procedural standards to help sort out scientific fact*:, 
inferences, and values in risk regulation 

David Okrent develops a foundation for a science of risk assess- 
ment, describing the need to measure societal risks accurj^./y, to 
examine and rei va.uate prionties in nsk decisions, and to determine 
the level of expenditure for nsk reduction beyond which adverse 
economic and political cor >tderations may be overriding. Chauncey 
Starr and Chns Whipple show that the cost-benefit type of risk 
analysis that was used for early evaluations of technological risks is 
limited by subjective interpretations of risk perceptions They 
recommend the use of quantitative risk cnteria, such as safety targets, 
to improve the effectiveness of nsk management. 

Simon Ramo continues the discussion about risk management by 
pointing out that government regulations have often resulted in- 
inequitable mitigation of technological hazards. He proposes a new 



regulatory approach that would separate the task of investigating a 
technological activity from the task of making decisions about the 
apprr >riateness of that activity. 

Paolo F. Ricci and Lawrence S. Molton take mother approach. 
They review the judicial record on the use of risk analysis to establish 
environmental standards. The courts must interpret congressional 
intent in reviewing an agency *s rule-making decisions, they note, and 
they identify issues emeiging in recent judicial reviews of regulatory 
actions. 

Sheila Jasanoff and Dorothy Nelkin take issue with the remedies 
proposed by advocates of a "science" of nsk assessment. In their 
examination of litigation based on disputes over science and technol- 
ogy, they argue that proposed reforms frequently misconceive the 
problems faced by the courts because they concentrate on technical 
uncertainty rather than on the conceptual and policy issues at stake. 
Jasanoff and Nelkin prefer to rely more on traditional forums for 
conflict resolution than do some of the other contnbutors to this 
chapter. 

C. Hohenemser, R.W. Kates, and P. Slovic construct a unique 
profile for technological hazards that incoiporates quantitative physi- 
cal, biological, and social descriptors. The profile, termed 
"hazardousness," was tested in pilot experiments on perception and 
appeared to capture a large fraction of the public*s concern with 
hazards. 

William D. Ruckelshaus appeals to the scientific community to 
make a greater effort to explain to the public the uncertainties in- 
volved in estimates of nsk. lie urges the development of a common 
statutory framework to replace the patchwork of laws and regulations 
that deal with environmental risks. He also endorses separating 
scientific nsk assessment from the use of these assessments m regula- 
tory decisions and management actions. 

How can science most effectively contnbute to public debates over 
the nature and significance of environmental, consumer, or occupa- 
tional nsks? The authors in this chapter present no uniform ren idy or 
solution. Instead, the reader is left with the impression that efforts to 
extend science into pohtics have resulted in somw politicization of 
science itself. Coupling scientific research wuh social and political 
reforms has raised new questions about the motivations, methods, 
and sponsorship of individual research efforts. The result has been 
increased public skepticism about science and calls for new account 
ability measures within the scientific community. — RC 
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The evaluation of techn^jal ap- 
proaches to solving societal problems 
customarily involves consideration of 
the relationship between potential tech- 
nical performance and the required in- 
vestment of societal resources. Although 
such performance-versus-cost relation- 
ships are cl .riy useful for choosing 
between alternative solutions, they do 
not by themselves determine how much 
technology a society can justifiably pur- 
chase. This latter determination re- 
quires, additionally, knowIed^»e of the 
relationship between social benefit and 
justified social cost. The two relation- 
ships may then be used jointly to de- 
termine the optimum investment of 
societal resources in a technological 
approach to a social need. 

Technological analyses for disclosing 
*he relationship between expected per- 
formance and monetary costs are a 
traditional part of all engineering plan- 
ning and design. The inclusion in such 
studies of all societal costs (indirect as 
tvell as direct) is less customary, and 
obviously makes the analysi- more dif- 
ficult and less definitive. Analyses of 
social value as a function of technical 
performance are not only uncommon 
but are rarely quantitative. Yet we 
know that implicit in every nonarbi- 
trary national decision on the use of 
technology is a trade-off of societal 
benefits and societal cost*^ 

In this article I offer an approach 
for establishing a quantitative measure 
of benefit relative to cost for an im- 
portant element in our spectrum of 
social values — specifically, for acciden- 
tal deaths arising from technological 
developments in public use. The anal- 
ysis is based on two assumptions. The 
first is that historical national accident 
records are adequate for revealing con- 
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sistent patterns of fatalities in the pub- 
lic use of technology. {That this may 
not always be so is evidenced by the 
paucity of data i elating to the effects 
of environmental pollution.) The sec- 
ond assumption is that such IMorically 
re^'ealed social preferences and costs 
are sufficiently enduring to permit their 
use for predictive purposes. 

In the absence of economic or socio- 
logical theory which might give better 
results, this empirical approach pro- 
vides some interesting insights into ac- 
cepted socia! values relative to persona! 
risk. Because this methodology is based 
on historical data, it does not serve to 
distinguish what is "best" for society 
from what is "traditionally acceptable." 

Maximum Benefit at Minimum Cost 

The broad societal benefits of ad- 
vances in technology exceed the asso- 
ciated costs sufficiently to make tech- 
nological growth inexorable. Shefs so- 
cioeconomic study (2) has indicated 
that technological growth has been 
generally exponential in this century, 
doubling every 20 years in nations hav- 
ing advanced technology. Such tech- 
nological growth has apparently stim- 
ulated a parallel growth in socioeco- 
nomic benefits and a slower associated 
growth in social costs. 

The conventional socioeconomic ben- 
efits — health, education, income — are 
presumably indicative of an improve- 
ment in the "quality of life." The cost 
of this socioeconomic progress shows up 
in all the negative indicators of our so- 
ciety — urban and environmental prob- 
lems, technological unemployment, poor 
physical and mental health, and so on. 
If we understood quantitatively the 
causal relationships between specific 
technological developments and societal 
values, both positive and negativt., we 
might deliberately guide and regulate 
technological developments so ^s to 



achieve maximum social benefit at min- 
imum social cost. Unfortunately, we 
l-ave not as yet developed such a pre- 
Q^ctive system analysis. As a result, our 
society historically has arrived at ac- 
ceptable balances of technological ben- 
efit and social cost empirically— by 
trial, error, and subsequent corrective 
steps. 

In advanced societies today, this his- 
torical en^pirical approach creates an 
increasingly critical situation, for two 
basic reasons. The first is the well- 
known difficulty in changing a techni- 
cal subsystem of our society once it has 
been woven into the economic, politi- 
cal, and cultural structures. For exam- 
ple, many of our environmental-pollu- 
tic. problems have known engineering 
solutions, but the problems of economic 
readjustment, political jurisdiction, and 
social behavior loom very large. It will 
take many decades to put into effect 
the technical solutions we know today. 
To give a specific illustration, the pol- 
lution of our water resources could be 
completely avoided by means of engi- 
neering systems now available, but pub- 
lic interest in making the economic and 
political adjustments needed for apply- 
ing these techniques is ve.y limited. It 
has been facetiously suggested that, as 
a means of motivating the public, every 
community and industry should be re- 
quired to place its water intake down- 
stream from its outfall. 

In order ♦o minimize these difficul- 
ties, it would be desirable to try out 
new developments in the smallest social 
groups that would permit adequate as- 
sessment.. This is a common practice 
in market-testing a new product or in 
field-testing a new drug. In both these 
cases, however, the experiment is com- 
pletely under the control of a single 
company or agency, and the test infor- 
mation can be fed back to the con- 
trolling group in a time that is short 
relative to the anticipated commercial 
lifetime of the product. This makes it 
possible to achieve essentially optimum 
uj>e ui the product in an acceptably 
short time. Unfortunately, this is rarely 
the case with new tschnologies. Engi- 
neering developments involving new 
technology are likely to appear in many 
places simultaneously and to become 
deeply ir 'P\a into the systems of 
our socic • ^.)r, vneir impact is evi- 
dent or m, uaiablt. 

This brings us the second reason 
for the increasing severity of the prob- 
lem of obtaining maximum benefits at 
minimum costs. It has often been stated 
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ih^i the time required from the con- 
ception of a technical idea to its first 
application in society has been drasti- 
cally shortened by modern engineering 
organization and management. In fact, 
the history of technology does aot sup- 
port this conclusion. The bulk of the 
evidence indicates that the time from 
conception to first appIicaHon (or dem- 
onstration) has been rough <y unchanged 
by modem raanagement, and depends 
chiefly on the complexity of the devel- 
opment. 

However, what has been reduced 
substantially in the past century is the 
time from first use to widespread inte- 
gration into our social system. The 
techniques for societal diffusion of a 
new technology and its subsequent ex- 
ploitation are now highly developed. 
Our ability to organize resources of 
nioney, men, and materials to focus 
on new technological programs has re- 
duced the diffusion-exploitation time 
by roughly an order of magnitude in 
the past century. 

Thus, we now face a general situa- 
tion in which widespread use of a new 
technological development may occur 
before social impact can be proper- 
ly assessed, and before u\y empirical 
adjustment of the benelt-versus-cost 
relation is obviously indicated. 

It has been clear for sr me time that 
predictive technological assessments are 
a pressing societal need. However, even 
if such assessments become available, 
obtaining maximum social benefit at 
minimum cost also requires the estab- 
lishment of a relative value system for 
the basic parameters in our objective 
of improved * quality of life." The em- 
pirical approach implicitly involved an 
intuitive societal balancing of such 
values. A predictive analytical ap- 
proach will require an explicit scale Qf 
relative social values. 

For example, if technological assess- 
ment of a new development predicts an 
increased per capita annual income of 
X percent but also preuicts an associ- 
ated accident probability of y fatalities 
annually per million population, then 
how are these to be compared in their 
effect on the "quality of life"? Because 
the penalties or risks to the public 
arising from a new development can be 
reduced by applying constraints, there 
will usually be a functional relationship 
(or trade-off) between utility and risk, 
the X and y of our example. 

There are many historical illustra- 
tions of such trade-off relationships 
that were empirically determined. For 



example, automobile and airplane safe- 
ty have been continuously weighed by 
society against economic costs and 
operating performance. In these and 
other cases, the real trade-off process is 
actually one of dynamic adjustment, 
with the behavior of many portions of 
our social systems out of ph'^ce, due to 
the many separate "time constants" in- 
volved. Readily available historical data 
on accidents and health, for a variety 
of public activities, provide an enticing 
stepping-stone to quantitative evalua- 
tion of this particular type of social 
cost. The social benefits arising from 
some of these activities can be roughly 
deteimined. On the assumption that in 
such historical situations a socially ac- 
ceptable and essentially optimum trade- 
ofi jf values has been achieved, we 
could say that any generalizations de- 
veloped might then be used for predic- 
tive purpo^,es. This approach coulcl give 
a rough rmswer to the seemingly simple 
question "How safe is saf^- enough?" 

The pertinence of this question to 
all of us, and particularly to govern- 
mental '•egulatory agencies, is obvious. 
Hopefully, a functional answer might 
provide a basis for establishing per- 
formance "design objectives" for the 
safety of the public. 



Voluntary and Involuntary Activities 

Societal activities fall into two gen- 
eral categories — those in which the in- 
dividual participates on a "voluntary" 
basis and those in which the participa- 
tion is "involuntary," imposed by the 
society in which the individual lives. 
The process of empirical optimization 
of benehts and costs is fundamentally 
similar in the two cases — namely, a 
reversible exploration of available op- 
tions — but the time required for em- 
pirical adjustments (the time constants 
of the system) and the criteria for op- 
timization are quite different in the two 
situations. 

In the case of "voluntary" activities, 
the individual uses his own value sys- 
tem to evaluate his experiences. Al- 
though his eventual trade-off may not 
be consciously or analytically deter- 
mined, or based upon objective knowl- 
edge, it nevertheless is likely to repre- 
sent, for ihat individual, a crude op- 
timization appropriate to his value 
system. For example, an urban dweller 
may move to the suburbs because of a 
lower crime ra*e and better schools, at 
the cost of more time spent traveling 



on highways and a higher probability 
of accidents. If, subsequently, the traffic 
density increases, he may decide that 
the penalties are too great and move 
back to the city. Such an individual 
optimization process can be compara- 
tively rapid ^because the feedback of 
experience to the individual is rapid), 
so the statistical pattern fo: a large 
social group may be an important "real- 
time" indicator of societal 4raue-0us 
and values. 

"Involuntary" activities differ in that 
the criteria and options are determined 
not by the individuals affected but by 
a controlling body. Such control may 
be in the hands of a government agen- 
cy, a political entity, a leadership 
group, an assembly of authorities or 
"opinion-makers," or a combination 
of such bodies. Because of ihc com- 
plexity of large societies, only the con- 
trol group is likely to be fully aware 
of all the criteria and options involved 
in their decision process. Further, the 
time required for feedback of the ex- 
perience that results from the con- 
trolling decisions is likely to be very 
long; The feedback of cumulative in- 
dividual experiences into societal com- 
munication channels (usually political 
oi economic) is a slow process, as is 
the process of altering the planning of 
the control group. We have many ex- 
amples of such '^involuntary" activities, 
war being perhaps the most extreme 
case of the operational separation of 
the decision-making group from those 
most affected. Thus, the real-time pat- 
tern of societal trade-offs on "involun- 
tary" accivities must be considered in 
terms of the particular dynamics of 
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Fig. 2. Risk (R) plotted relative to benefit (B) for various kinds of voluntary and 
involuntary exposure. 



approach to an acceptable balance of 
social values and costs. The historical 
trends in such activities ^lay therefore 
be more significant indit.Jors of social 
acceptability than the existent trade* 
offs are. 

In examining the historical benefit- 
risk relationships for "involuntary" ac- 
tivities, it is important to recognize the 
perturbing role of public psychological 
acceptance of risk arising from the in- 
fluence of authorities or dogma. Be- 
cause in this situation the decision- 
making is separated from the affected 
individual, society has generally clothed 
many of its controlling groups in an 
almost impenetrable mantle of author- 
ity and of imputed wisdom. The public: 
generally assumes that the decision- 
making process is based on a rational 
analysis of social benefit and social 
risk. While it often is, we have all seen 
after-the-fact examples of irrationality. 
It is important to omit such "witch- 
doctor" situations in selecting examples 
of optimized "involuntary" activities, 
because in fact these situations typify 
only the tnUial stages of exploration of 
options. 



Quantitative Correlations 

With this description of the problem, 
and the associated caveats, we are in a 
position to discuss the quantitative cor- 
relations. For the sake of simplicity in 
i^h initial study, I have taken as a 
measure of the physical risk to the in- 
dividual the fatalities (deaths) associ- 
ated with each activity. Although it 



might be useful to include all injuries 
(which are 100 to 1000 times as nu- 
merous as deaths), the difficulty in ob- 
taining data and the unequal signifi* 
cance of varying disabilities would in- 
troduce inconvenient complexity for 
this study. So the risk measure used 
here is the statistical probability of 
fatalities per hour of exposure of the 
individual to the activity considered. 

The hour-of-exposure unit was chos- 
en because it was deemed more closely 
related to the individual's intuitive 
process in choosing an activity than a 
year of exposure would be, and gave 
substantially similar results. Another 
possible alternative, the risk per activ- 
ity, involved a comparison of too many 
dissimilar units of measure; thus, in 
comparing the risk for various modes 
of transportation, one could use risk 
per hour, per mile, or per trip. As this 
study was directed toward exploring a 
methodology for determining social ac- 
ceptance of risk, rather than the safest 
mode of transportat'in for a particular 
trip, the simplest .ommon unit — that 
of risk per exposure hour — was chosen. 

The social benefit derived from each 
activity was converted into a dollar 
equivalent, as a measure of integrated 
value to the individual. This is perhaps 
the most uncertain aspect of the cor- 
relations because it reduced the "qual- 
ity-of-life" benefits of an activity to an 
overly simplistic measure. Nevertheless 
the correlations seemed useful, and no 
better measure was available. In the 
case of the "voluntary" activities, the 
amount of money spent on the activity 
oy the average involved individual was 



assumed proportional to its benefit to 
him. In the case of the "involuntary" ac- 
tivities, tht contribution of the activity 
to the individual's annual income (or the 
equivalent) was assumed proportional 
to its benefit. This assumption of 
roughly constant relationship between 
benefits and monies, for each class of 
activities, is clearly an approximation. 
However, because wr are dealing in 
orders of magnitude, the distortions 
likely to be introduced by this approx- 
imation are relatively small. 

In the case of transportation modes, 
the benefits were equated with the sum 
of the monetary cost to the passenger 
and the value of the time saved by that 
particular mode relative to a slower, 
competitive mode. Thus, airplanes v^ere 
compared with automobiles, and auto- 
mobiles were compared with public 
transportation or walking. Benefits of 
p'jblic transportation were equated with 
their cost. In all cases, the ben^ifits 
were assessed on an annual dollar basis 
because this seemed to be most relevant 
to the individual's intuitive process, "or 
example, most luxury sports require an 
investment and upkeep only partially 
dependent upon usage. The associated 
risks, of course, exist only during the 
hours of exposure. 

Probably the use 'f electricity pro- 
vides the best example of the analysis 
of an "involuntary" activity. In this 
case the fatalities include those arising 
from electrocution, electricaliy caused 
fires, the ope'xition of power plants, 
and the mining of the required fossil 
fuel. The benefits ivere estimated from 
a United Nations study of the relation- 
ship between energy consumption and 
national income; the energy fraction 
associated wtih electric power was 
used. The contributions of the home 
use of electric power to our "quality 
of life" — more subtle than the contri- 
butions of electricity in industry — a»-e 
omitted. The availability of refrigera- 
tion has certainly improved our na- 
tional health and the quality of dining. 
The electric light has certainly provided 
great flexibility in patterns of living, 
and television is a positive element. 
Perhaps, however, the gross-income 
measure used in the study is sufficient 
for present purposes. 

Information on acceptance of "vol- 
untary" risk by individuals as a func- 
tion of income benefits is not easily 
available, although we know that euch 
a relationship must exist. Of particular 
interest, therefore, is the special case of 
miners exposed to high occupational 
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Fig. 3 (above). Risk and participation trends for motor vehicles. 

Fig. 4 (right). Risk and participation trends for certified air 
carriers. 
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risks. In Fig. 1, the accident rate and 
the severity rate of mining injuries are 
plotted aijauist the hourly wage (2, 5). 
The acceptance of individual risk is an 
exponential function of the wage, and 
can be roughly approximated by a 
third-power relationship in this range. 
If this relationship has validity, it may 
mean that several "quality of life" pa- 
rameters (perhaps health, living essen- 
tials, and recreation) are each partly 
influenced by any increase in available 
personal resources, and that thus the 
increased acceptance of risk is expo- 
nentially motivated. The extent to 
which this relationship is "voluntary" 
for the miners is not obvious, but the 
subject is interesting nevertheless. 



Risk Comparisons 

The results for the societal activities 
studied, both "voluntary" and "involun- 
tary," are assembled in Fig. 2. (For de- 
tails of the risk-benefit analysis, sec the 
appendix.) Also shown in Fig. 2 is the 
third-power relationship between risk 
and benefit characteristic of Fig. 1. For 
comparison, the average risk of death 
from accident and from disease is 
shown. Because the average number of 
fatalities from accidents is only about 
one-tenth the number from disease, 
their inclusion is not significant. 

Several major features of the benefit- 
O risk relations arc apparent, the most 
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obvious being the difference by several 
orders of magnitude in society's will- 
ingness to accept ' voluntary" and "in- 
voluntary" risk. As one would expect, 
we are loathe to let others do unto us 
what wc happily do to ourselves. 

The rate of death from disease ap- 
pears to play, psychologically, a yard- 
stick role in determining the acceptabil- 
ity of risk on a voluntary basis. The 
risk of eath in most sporting activities 
is surprisingly close to the risk of death 
from disease — almost as though, in 
sports, the individual's subconscious 
computer adjusted his courage and 
made him tal:** risks associated with a 
fatality level equaling but not exceed- 
ing the statistical mortality due to in- 
voluntary exposure to disease. Perhaps 
this defines the demarcation between 
boldness and foolhardiness. 

In Fig. 2 the statistic for xhe Vietnam 
war is shown because it raises an in- 
teresting point. It is only slightly above 
the average for risk of death from 
disease. Aivsuming that some long-range 
societal birnefit was anticipated from 
this war, we find that the related risk, 
as seen by society as a whole, is not 
substantially different from the average 
nonmilitary risk from disease. How- 
ever, for individuals in the military- 
service age group (age 20 to 30), the 
risk of death in Vietnam is about ten 
times the normal mortality rate (death 
from accidents or disease). Hence the 
population as a whole and those direct- 



ly exposed see this matter from differ- 
ent perspectives. The disease risk perti* 
nent to the average age of the involved 
group probably would provide the basis 
for a more meaningful comparison than 
the risk pertinent to the national aver- 
age age does. Use of the figure for the 
single group would complicate these 
simple comparisons, but that figure 
might be more significant as a yard- 
stick. 

The risks associated with general avi- 
ation, commercial aviation, and travel 
by motor vehicle deserve special com- 
ment. The latter originated as a "vol- 
untary" sport, but in the past half- 
century the motor vehicle ha<: oecome 
an essential utility. General aviation is 
still a highly voluntary activity. Com- 
mercial aviation is partly voluntary and 
partly essential and, additionally, is 
subject to government administration 
as a transportatior utility. 

Travel by motor vehicle has now 
reached a benefit-risk balance, as shown 
in Fig. 3. It is interesting to note that 
the present risk level is only slightly 
below the basic level of risk from dis- 
ease. In view of the high percentage 
of the population involved, this prob- 
ably represents a true societal judgment 
on the acceptability of risk in relation 
to benefit. It also appears frorn Fig. 3 
that future reductions in the risk level 
will be slow in coming, even if the 
historical trend of improvement can be 
maintained (4), 



175 



170 




1940 1950 I960 ^ ^' ^^^^ participation trends for general aviation. 

YEAR Fig. 6 (above). Group risk plotted relative to year. 



Commercial aviation has barely ap- 
proached a risk level comparable to 
that set by disease. The trend is sim- 
ilar to that for motor vehicles, as shown 
in Fig. 4. However, the percentage of 
the population participating is now only 
1/20 that for motor vehicles. Increased 
public participation in commercial avi- 
ation will undoubtedly increase the 
pressure to reduce the risk, because, 
for the general population, the benefits 
are much less than those associated 
with motor vehicles. Commercial avia- 
tion has not yet reached the point of 
optimum benefit-risk tradc-off (5). 

For general aviation the trends arc 
similar, as shown in Fig. 5. Here the 
risk levels arc so high (20 times the 
risk from disease) that this activity 
must properly be considered to be in 
the category of adventuresome sport. 
However, the rate of risk is decreasing 
so rapidly that eventually the risk for 
general aviation may be little higher 
than that for commercial aviation. Since 
the percentage of the population in- 
volved is very small, it appears that the 
present average risk levels are accept- 
able to only a limited group (6),, 

The similarity of the trends in Figs. 
3-5 may be the basis for another hy- 
pothesis, as follows: the acceptable 
risk is inversely related to the number 
of people participating in an activity'. 

The product of the risk and tliC per- 
rjnfj^ge of the population involved in 



each of the activities of Figs. 3-5 
plotted in Fig. 6. This gnph represents 
the historical trerd of total fatalities 
per hour of exposure of the popula- 
tion involved (7). The leveling off of 
notor-vehicle risk at about 100 fatali- 
ties per hour of exposure of the partici- 
pating population may be significant. 
Because most of the U.S. population Is 
involved, this rate of fatalities may 
sufficient public visibility to set 
a level of social acceptability. It is in- 
teresting, and disconcerting, to note 
that the trend of fatalities in aviation, 
both commercial and general, is uni- 
formly upward. 



Public Awareness 

Finally, I attempted to relate these 
risk data to a crude measure of public 
awareness of the associated social ben- 
efits (see Fig. 7). The "benefit aware- 
ness" was arbitrarily defined as the 
product of the relative level of ad- 
vertising, the square of the percentage 
of population involved in the activity, 
and the relative usefulness (or impor- 
tance) of the activity to the individual 
(8), Perhaps these assumptions are too 
crude, but Fig. 7 docs support the 
reasonable position that advertising the 
benefits of an activity increases public 
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acceptance of a greater level of risk. 
This, of course could subtly produce a 
fictitious benefit-risk ratio — as lAay be 
the case for smoking. 



Atomic Power Plant Safety 

I recognize the uncertainty inherent 
in the quantitative approach discussed 
here, but the trends and magnitides 
R".ay nevertheless be of sufficient va- 
lidity tc ^arrant their use in determin- 
ing national ''design objectives** for 
technological activities. How would 
ihis be done? 

Let us consider as an example the 
introduction of nuclear power plants 
as a principal source of electric power. 
This is an especially good example be- 
cause the technology has been primar- 
il/ nurtured, guided, and regulated by 
the government^ with industry under- 
taking the engineering development 
and the diffusion into public use. The 
government specifically maintains re- 
sponsibility for public safety. Further, 
the engineering of nuclear plants per- 
mits continuous reduction of the prob- 
ability of accidents, at a substantial 
increase in cost. Thus, the 4rade-ofr of 
utility and potential risk caa be made 
quantitative. 

Moreover, in the case of the nuclear 
power plant the historical empirical 
approach to achieving an optimum 
bcnefit-risk trade-off is not pfagmati- 
c.iily feasible. Ail such plants are now 
so safe that it may be 30 years or 
longer before meaningful risk experi- 
ence will be accumulated. By that time, 
many plants of varied design will be 
in existence, and the empirical acci- 
dent data may not be applicable to 
those being built So a very real ne'^d 
exists now to establish "design objec- 
tives* on a predictive-performance ba- 
sis. 

Let us first arbitrarily assume that 
nuclear power plants should be as safe 
as coal-burning plants, so as not to 
increase public risk. I^gure 2 indicates 
that the total risk to society from elec- 
tric power is about 2 X ie-*> fatality 
per person per hour of exposure. Fossil 
fuel plants contribute about Vs of this 
risk, or about 4 deaths per million pop- 
ulation per year. In a modem society, 
a million people may require a million 
kilowatts of power, and this is about 
the size of most new power stations. 
So, we now have a target risk limit of 
4 deaths per year per miIIion*kiIowatt 
power station (9). 



Technical studies of the consequences 
of hypothetical extreme (and uidikely) 
nuclear power plant catastrophes, which 
would disperse radioactivity into popu- 
lated areas, have indicated that about 
10 lethal cancers per million population 
might result On this ba^j, we cal- 
culate lhat such a power i>lant might 
statistically have one such accident 
e^ery 3 years and still meet the risk 
limit set Fiowever, such a catastrophe 
would completely destroy a major por- 
tion of the nuclear section of the pt nt 
and either require complete disman- 
tling or years of costly reconstruction. 
Because power companies expect plants 
to last about 30 years, the economic 
consequences of a catastrophe every 
few years would be completely unac* 
ceptable. In fact, the operating com- 
panies would out accept one such fail- 
ure, on a statistical basis, during the 
normal lifetime of the plant. 

It is likely that, in order to meet the 
economic performance requirement*; of 
the power companies, a cata ophe 
rate of less than 1 in about V ^ plant- 
years would be needed. This would be 
a public risk of 10 deaths per 100 
plant-years, or 0.1 death per year per 
million population. So the economic 
investment criteria of the nuclear plant 
user — the power company — wculd prob- 
abiy set a risk ievei i/200 iiic present 
socially accepted risk associated with 
electric power, or 1/40 the present 
risk associated with coRl-burning 
plants. 

An obvious design question is this: 
Can a nuclear power plant be engineered 
with a predicted performance of less 
than 1 catastrophic failure in 100 plant- 
years of operation? I believe the answer 
is yes, but that is a subject for a different 
occasion. The principal point is that the 
issue of public safety can be focused 
on a tangible, quantitative, engineering 



This example reveals a public safety 
consideration which may apply to many 
other activities: The economic require- 
ment for the protection of major capital 
investments may often be a more de* 
manding safety constraint than social 
acceptability. 



Conclusion 

The application of this approach to 
other areas of public responsibility is 
self-evident It provides a useful meth* 
odology for answering the question 
"How safe is safe enough?" Further, 



although this study is on!y exploratory, 
it reveals several interesting points, 
(i) The indications are that the public 
is willing to accept ••voluntary** risks 
roughly 1000 times greater than "in- 
voluntary** risks, (ii) The statistical 
risk of death from disease appears to 
be a psychological yardstick for estab- 
lishing the level of acceptability of 
other risks, (iii) The acceptability of 
risk appears to be crudely proportional 
to the third power of the benefits (real 
or imagined), (iv) The social accept- 
ance of risk is directly influenced by 
public awareness of the benefits of an 
activity, ns determined by advertising, 
usefulness, and the ntunber of people 
participating, (v) In a sample applica- 
tion of these criteria to atomic power 
plant safety, it appears that an en^- 
neenng design objective determined by 
economic criteria would result in a 
design-target »isk level very much lower 
than the present socially accepted risk 
for electric power plants. 

Perhaps of greatest interest Is the fact 
that this methodology for revealing ex- 
isting, social preferences and values may 
be a means of providing the insight 
on social benefit relative to cost that is 
so necessary for jiidiciom national deci- 
sions on new technological develop- 
ments. 

Appendix: Details of 
Risk-Benefit Analysis 

Motor-vehicle travel The calculation 
of motor-vehicle fatalities per cxposur© 
hour per year is based on the number of 
registered cars, an assumed VA persons 
per car, and an assumed 400 hours per 
year of average car use [data from 3 and 
//]. The figure for annual benefit for 
motor-vehicle travel is based on the sum 
of costs for gasoline, maintenance, insur- 
ance, and car payments and on the value 
of the time savings per person. It is as- 
sumed that use of an automobile allows 
a person to save 1 hour per working day 
and that a person's time is worth $5 per 
hour. 

Travel by air route carrier. The cstimCvtc 
of passenger fatalities per passenger-hour 
of exposure for certified air route earners 
is based on the annual number of pas- 
senger fatalities listed in the FAA Statisti- 
cal Handbook of Aviation (sec 12) and 
the ..-.Tiber of passenger-hours per year. 
Thr latter number is estimated trom the 
average number of seats per plane, the 
scat load factor, the number of revenue 
miles flown per year, and the average 
plane speed (data from i). The benefit 
for travel by certified air route carrier Is 
based on the average annual air fare per 
passenger* mile and on the value of the 
time saved as a result of air travel. The 
cost per passenger is estimated from the 
average rate per passengcr-milc (data 
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from i), the revenue miles flown per year 
(data from 22), the annual number of 
passenger boardings for 1967 (132 x 10\ 
according to the United Air Lines News 
Bureau), and the assumption of 12 board* 
ings per passenger. 

General aviatioiu The number of fatal- 
ities per passenger-hour for general avia* 
tion is a function of the number of an- 
nual fatalities, the number of plane hours 
flo\%.i per year, and the average number 
of passengers per plane (estimated from 
the ratio of fatalities to fatal crashes) 
(data from /2). It is assumed that io 1967 
the cash outlay for initial expenditures 
and maintenance costs for general avia- 
tion was $1.5 X 10\ The benefit is ex- 
pressed in terms of annual cash outlay 
per person, and the estimate is based on 
the number of passenger-hours per year 
and the assumption that the average per- 
son flics 20 houn, or 4(H)0 miles, annual- 
ly. The value of the time saved is based 
on the assumption that a person's time is 
worth $10 per hour and that he saves 60 
hours per year through traveling the 4000 
miles by air instead of by automobile at 
50 miles per hour. 

Railroad travel. The estimate of rail- 
road passenger fatalities per exposure hour 
per year is based on annual passenger 
fatalities and passenger-miles and an as- 
sumed average train speed of 50 miles 
per hour (data from //). The passenger 
benefit for railroads is based on figures 
for revenue and passenger-miles for com- 
muters and noncommutcrs j^ivcn in The 
y eat batik of Railroad Facts (Association 
of American Katlrouds, 1968). It is as- 
sumed that the average commuter travels 
20 miles per workday by ra^ and that 
the average noncommutcr travels 1000 
miles per year by rail. 

^kiinf*. The estimate for skiin^.; fatalities 
p^r exposure hour is based on fnformation 
obtained f»-om the National Ski Patrol 
f^- * - 1967-68 southern California ski 
season: 1 fatality, 17 days of skiing. 
16.500 skiers per day, and 5 hours of 
skiing per skier per day. The estimate of 
benefit foi skiing is based on the average 
number oi days of skiing per year pci 
person and the aveuge cost of a typical 
ski trip [data from **Thc Skier Market in 
Northeast North America," VS. Dep. 
Commerce Publ (1965)]. In addition, it 
is assumed that a skier spends an average 
of $25 per year on equipment. 

Hunting. The estimate of the risk in 
hunting is based on an assun-.ed value of 

10 hours* exposure per huniing day, the 
annual number of hunting fatalities, the 
number of hunters, and the average num 
ber of hunting days per yeai [data from 

11 and from "National Survey of Fishing 
and Hunting," VS, Fish Wildlife Serv. 
Publ. (1965)]. The average annual ex- 
penditurc per hunter was $82.54 in 1965 
(data from i). 



Smokins*, The estimate of the nsk from 
smoking is based on the ratio for the 
mortality of smokers relative to nonsmok- 
ers, the rates of fatalities from heaii 
disease and cancer for the general popu- 
lation, and the assumption that the risk 
is continuous [data from the Summary of 
the Report of the Snrtteon General's /f/' 
visory Committee on Smokinf: and Ilea t 
(Government Printing Oflicc. Washington. 
D.C.. 1964)]. The annual intangible bene- 
fit to the cigarette smoker is calculated 
from the American Cancer Society's esti- 
mate that 30 percent of the population 
fmokes cigarettes, from the number of 
cigareues smoked per year (see i), and 
from the assumed retail cost of $0,015 
r*r ciiDrette. 

Vietnam, The estimate of the risk as- 
sociated with the Vietnam war is based 
on the assumption that 500,000 men are 
exposed there annually to the risk of 
death and that the fatality rate is 10.000 
men per year. The benefit for Vietnam is 
calculated on the assumption that the en- 
tire U.S. population benefits intangibly 
from the annual Vietnam expenditure of 
$30 X 10'. 

Electric power. The estimate of the risk 
associated with the use of electric power 
is based on the number of deaths from 
electric current; the number of deaths 
from firts caused by electricity; the num- 
ber of deaths that occur in coal mining, 
weighted by the percentage of total coal 
production used to produce electricitv 
and the number of deaths attributable to 
air pollution from fossil fuel stations ('lata 
from 3 and // and from Nuclear Safety 
5. 325 (1964)]. !l is assumed that the 
entire U.S. population is exposed for 
8760 hours per year to the risk associated 
with electric power. The estimate for the 
b'^nefi^ is based on the assumption that 
there is a uiicti Luiiclatjjn between per 
capita gro:-j national product and com- 
nriercial energy consumption for the na- 
tions of the world [data from Briggs. 
Tc 'molof^y and Economic Development 
(Knopf. New York 1963)). It is fuiihcr 
assumed that 35 pe.cent of the energy 
consumed in the U.S. is used to prod;icc 
electricity. 

Natural disasters. The lisk associated 
•■^«th natural disasters was computed for 
LVS. floods (2.5 X I0-" fatality per person- 
hour of exposure), tornadoes in the Mid- 
west (2.46x10-'" fatality), major U.S. 
storms (0.8x10" fatality), .-ind C:t!i 
fornia earthquakes (1.9x10-" fatality) 
(data from //). The value for flood lisk 
is based on i\c assumption that everyone 
in the U.S. is exposed to the danger 24 
hours per day. No benefit figure was as- 
signed in the case of natural disasteis. 

Disease and accidents. The average risk 
in the U.S. due to disease and accidents 
is computed from data given in Vital Sta- 
tistics of the US. (Government Printing 
Office, Washington, D.C, 1967). 
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Risk Regulation: A Pn^blcm for 
Democracy in tht T^chnological Age 

In 1906, Congress enacted the Pure 
Food an . Drug Act, the first general food 
and drug safety law for the United 
States. Commenting on the provisions of 
the act, the House committee observed: 
**The question whether certain sub- 
stances are poisonous or deleterious to 
health the bill does not undertake to de- 
termine, but leaves that to the determi- 
nation of the Secretary . . under the 
guidance of proper disi*^*erested scien- 
tific authorities, after mo^t careful study, 

CAdlinUdtioil, CApClilllCUi and tuOrOugh 

research/' 

This statement reflected a deep faith in 
the ability of ''disinterested" scientists 
to determine for ~ociety what substances 
posed an unacceptable risk. More than 
70 years of regulation have called into 
question that naive faith. We are no 
longer content to de^'*i^'^** the assess- 
ment of and response i to so-called 
disinterested scientists, indeed, the very 
concept of objectivity embodied in the 
word disinterested is now discredited. 
The astounding explosion of scientific 
knowledge and the incre ing sophisti- 
cation of the public have i lically trans- 
formed our attitude toward risk regula- 
tion. As governmental health and safety 
regulation has become pervasive, there 
is a pressing need to redefine the relation 
between science and law. This is one of 
the greatest challenges now facing gov- 
ernment and, indeed, society as a whole. 

Risk regulation poses a peculiar prob- 
Icv. for government. Few favor risk for 
its own sake. But ne*/ risks are the inevi- 
table price of the benefits of progress in 
an advanced industrial society. Jn order 
to have the energy necessary to run our 
homes and our factories, we incur risks 
of energy production, whether they be 
the risks of coal mining, nuclear reactor 
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accidents, or the chance that a tree will 
fall on a man felling it to produce fire- 
wood. In order to have mobility, we risk 
auto accidents and illness from air pollu- 
tion. In ^rder to have variety and conve- 
nience in our food supply, we risk cancer 
or other toxic reactions to additives. 

Ironically, scientific progress not only 
creates new risks but also uncovers pre- 
vioui>ly unknown risks. As our under- 
standing of the world grows ex- 
ponentialW, we are constantly learning 
that old activities, once thought safe, in 
fact pose substantial risks. The question 
then is not whether we will have risk at 
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source. Perhaps even more important, 
the question is who shall decide. 

In our daily lives we do not confront 
the trade-ofiF between dollars and lives 
very directly or self-consciously. But 
when we make societal policy decisions, 
such as how much to spend to eliminate 
disease-producing pollutants, we are 
painfully aware that we must i.'^ake what 
Guido Calabresi has called "tragic 
choices." 

In primitive societies these choices 
were often made by the tribal witch doc- 
tor. »yhen the need to choose between 
cherished but conflicting values threat- 
ened to disrupt the society, the simplest 
path was decision by a shaman, or wiz- 
ard, who claimed special and miraculous 
insight. In our time shamans carry the 
title doctor instead of wizard, and wear 
lab coats and black robes instead of reli- 
gious garb. 

But ours is an age of doubt and skepti- 
cism. The realist movement in law ef- 
fectively stripped the judiciary of its 
Solomonic cloak. So, too, thr public has 
come to realize the inherent limitations 
of scientific wisdom and knowledge. We 
have been cast from Eden, and must find 
ways to cope with oui mtellectual naked- 
ness. To the basic question of how much 
risk is acceptable—a choice of values— 
we have learned that there is no one an- 
swer. To the problem of how much risk a 
given activity poses, we have learned 
that even our experts often lack the cer- 
tain knowledge that would ease our deci- 



sion-making tasks. Often the best we can 
say is that a product or an activity poses 
a "rrsr^f risk." 



Who Decides? Scientists v. the PuhUc 

Under these circumstances, the ques- 
tions of who decides and how that deci- 
sion is made become all the more criti- 
cal. Since we have no shaman we must 
have confidence in the decision-making 
process so that we may better tolerate 
the uncertainties of our decisions. 

Courts are often thrust into the role of 
authoritative decision-makers. But in re- 
cent years there has been growing con- 
cern about the ability of the judiciary to 
cope with the complex scientific and 
technical issues that come before our 
courts. Critics note, quite correctly, that 
judges have little or no training to under- 
stand and resolve problems on the fron- 
tiers of nuclear physics, toxicology, hy- 
drology, and a myriad of other special- 
ties. And the problem is growing. Hardly 
a sitting in our court goes by without a 
cast* from the iin^!ronni'?ntJ»l Protection 
Agency, the Food and Dritg Administra- 
tion, the Occupational Safety and Health 
Administration (OSH/.), or the Nuclear 
Regulatory Commission (NRC). These 
cases often present questions that ex- 
perts have grappled with for years, with- 
out coming to any consensus. 

But the problem, of course, is not con- 
fined to the judicial branch. Legislators 
are daily faced with the same perplexing 
questions. They, too, lack the expertise 
to penetrate the deepest scientific mys- 
teries at the core of important issues of 
public concern. This problem ultimately 
strikes at the very heart of democracy. 
The most important element of our gov- 
ernment, the voter, simply cannot be ex- 
pected to understand the scientific predi- 
cate of many issues he must face at the 
polls. 

Some well-meaning scientists question 
the wisdom of leaving risk regulation to 
the scientifically untutored. They won- 
der, to themselves if not aloud, whether 
the public should be permitted to make 
decisions for society when it cannot un- 
derstand the complex scientific ques- 
tions that underlie the decisions. Some 
scientists point with relish to the cor- 
tradictory and seemingly irrational re- 
sponse of the public to risk. They ob- 
serve the public's alarm at the prospect 
of nuclear power " id note that the same 
public tolerates 50,000 automobile 
deaths a year. They decry the Delaney 
clause, which singles out cancer among 
all serious risks and imposes a rigid ban. 
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regardless of countervailing benefits. 

Scientists are also concerned by the 
growing public 'nvolvement in decisions 
that, in the past, were left entirely to the 
scientific community. Many scientists 
believe that regulation has intruded .00 
deeply into the sanctum sanctorum. The 
controversy ranges from the periphery of 
scientific pursuits, such as OSHA regula- 
tion of laboratory work conditions, to 
the heart of the scientific enterprise, 
such as the conflict over recombinant 
DNA research. Regulators are accuser 
of stifling creativity -^nd innov::tion in thf* 
name of the false f safety. Science, 
once invoked as an j|y to progressive 
government, more and more views the 
political process with hostility and dis- 
dain. 

In reaction to the public's often emo- 
tional response to risk, scientists are 
tempted to disguise controversial value 
decisions in the cloak of scientific objec- 
tivity, obscuring those de ;i.>ions from 
political accountability. 

At its most extreme, I have heard sci- 
entists say that they would consider not 
disclosing risks which in their view are 
insignificant, but which might alarm the 
public if taken out of context. This prob- 
lem is not mere speculation. Consider 
the recently released tapes of the NRC*s 
deliberation over ihe accident ai Three 
Mile Island. They illustrate dramatically 
ho V concern for minimizing public reac- 
tion can overwhelm scientific candor. 

This attitude is doubly da.igerous. 
First, it arrogates to the scientists the fi- 
nal say over which risks are important 
enough tc aierit public discussion. More 
important, it leads to the suppression of 
information that may be critical to devel- 
oping new knowledge about risks 3r 
even to developing ways of avoiding 
those risks. 

It is certainly true that the public's re- 
action to risk is not always in prof\)rtion 
to the seriousness of the threatened harm 
discounted by its probability.. But the 
public's fears are real. 

Scientists must resist the temj^tation to 
belittle these concerns, however irratio- 
nal they may seem. The scientific com- 
munity must not turn its back on the po- 
litical processes to which we commit so- 
cietal decisions. Scientists, like all citi- 
zens, must play an active role in the 
discussion of competing values. Their 
special expertise will inevitably and 
rightly give them a persuasive voice 
when issues are discussed in our assem- 
blies and on our streets. But the choice 
must ultimately be made in a politically 
responsible fashion. To those who feel 
th^ public is incapable of comprehending 
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the issues, and so unable to make in- 
formed value choices, I respond with the 
words of Thomas Jefferson: 

I know no safe depository of the ultimate 
powers of the society but the people them- 
sr»vcs; and if we think them not enlightened 
e -»h to exercise their control with a whole- 
sc , discretion, the remedy is not to take it 
from them, b*-: to inform their discretion. 

Scientist, regulator, lawyer, and lay- 
man must work together to reconcile the 
sometimes conflicting values that under- 
lie their respective interest, per- 
spectives, and goals. This cooperation 
can be achieved only through a greater 
understanding of the proper roles of the 
scientific, political, and legal commu- 
nities in addressing the public regulation 
of risk. Only then can we achieve a pro- 
gram of risk regulation that accommo- 
dates the best of scientific learning with 
the demands of democracy. 

Sorting Out Scientific Facts, Inferences, 
and Values in Risk Regulation 

The starting point is to iHentify the fact 
and value questions involved in a risk 
regulation decision. In determining ques- 
tions of fact, such as the magnitude of 
risk from an activity, we as a society 
must rely on those with the appropriate 
expertise. Judges and politicians have no 
special insights in this area. Where ques- 
tions of risk regulation involve value 
choices such as how much risk is accept- 
able, we must turn to ihe political pro- 
cess. 

But even this formulation leaves many 
problems unanswered. There is no bright 
line between questions of value and of 
fact. Even where a problem is appropri- 
ately characterized as one of scientific 
fact, consensus and certainty may ve»*y 
often be impossible even in the scientific 
community. Many p-oblems of scientific 
inference lie in the ivalm of **trans-sci- 
ence'* and cannot be resolved by scien- 
tific method and experimentation. 

The recent National Academy cf Sci- 
ences (NAS) report on saccharin vividly 
illustrates the problem of separating fact 
from value in risk regulation. Although 
there is a reasonable scientific consr^nsus 
on the cfrects of jaccharin in rats, the im- 
portant question of human risks and the 
appropriate response to those risks re- 
main controversial. On the basis of up- 
controverted animal experimciical ^ata, 
the NAS panel could not conclude 
whether saccharin should be considered 
a substance posing a **high" risk of can- 
cer, or only a **moderate'' risk. Yet this 
lack of consensus should not surprise us. 
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As Philip Handler, president of the NAS, 
observed in his preface to the report, 
**the difference of opinion which led to 
this ambivalent statement is not a dif- 
fering interpretation of scientific fact or 
observation; it reflects, rather, seriously 
differing value systems." 

Handler's statement reveals a critical 
issue in risk regulation. When the debate 
over saccharin is couched in terms of the 
degree of risk, it sounds as "lough there 
is a scientific issue, appropriate for reso- 
lution by trained scientists. In fact, how- 
ever, the terms moderate and high do not 
conform to any differences in experimen- 
tal data, but ra*her correspond to the sci- 
entists' view of the appropriate regula- 
tory response. 

The growing use of analytic tools such 
as cost-benefit analysis oiagnifies the 
chance that unrecognized value juug- 
ments will creep into apparently objec- 
tive assessments. Even the most con- 
scientious effort by experts not to exceed 
their sphere of competence may be in- 
adequate to safeguaid the validity of the 
decision-making process. Outside scru- 



The Role of Courts 

It is at this point that courts can make 
their contribution to sound decision- 
making. Courts cannot second-guess the 
decisions made by those who, by virtue 
of their expertise or their political ac- 
countability, have been entrusted with 
ultimate decisions. But courts can and 
have playeu a critical role in fostering the 
kind of dialogue and reflection that can 
improve the quality of those decisions. 

Courts, standing outside both scien- 
tific and political debate, can help to 
make sure that decision-makers articu- 
late the basis for their decisions. In the 
scientists' realm— the sphere of fact- 
courts can ask that the data be de- 
scribed, hypotheses articulated, and 
above all, in those areas where we lack 
knowledge, that ig' orance be confessed. 
!n the political realm— the sphere of val- 
ues— courts can ask that decision- 
makers explain why they believe that a 
risk is too great to run, or why a particu- 
lar trade-off' is acceptable. Perhaps most 
important, at the interface of fact and 
value, courts can help ensure that the 
value component of decisions h explicit- 
ly acknowledged, not hidden in quasi- 
scientific jargon. 

This role does not require, as some 
have suggested, that courts intrude ex- 
cessively into an agency's processes. 
The demands of adequate process are 
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not burdensome. Surely it is not unrea 
sonable to suggest that agencies articu- 
late the basis of their decisions or that 
they open their proceedings and deliber- 
ations to all interested participants and 
all relevant information. 

These requirements are in everyone's 
best interest, including decision-makers 
themselves. If the decision-making pro- 
cess is open and candid it will inspire 
more confidence in those who are af- 
fected. Futher, by opening the process to 
public scrutiny and (rriticism, we reduce 
the risk that important information will 
be overlooke'i or ignored. Finally, open- 
ness will promote peer review of both 
factual determinations and value judg- 
ments. 

Coping with Uncertainty 

Risk regulation in itself carries risks. 
No problem of any significance is so well 
understood that we can predict with con- 
fidence what the outcome of any deci- 
sion wi'l be. But there are two different 
kinds of uncertainty that plague risk reg- 
uiaiiuii. Suuic unccitainty is inherent in 
regulating activities on the frontiers of 
scientific progress. For example, we sim- 
ply do not know enough aboui the con- 
tainment potential 6f salt uomes to know 
with confidence whether they are ade- 
quate for storing nuclear wastes for thou- 
sands of years. In the face of such uncer- 
tainty society must decide whether or 
not to take a chance— to wait for more 
information before going ahead with nu- 
clear production, or to go forward and 
gamble that solutions will be To^nd in the 
future. 

Th<* other ki id of uncertainty that in- 
fects risk regulation comes from a refusal 
to face the hard questions created by 
lack of knowledge. It is uncertainty pro- 
duced by scientists and regulators who 
assure the public that there are no risks, 
but know that the answers are not at 
hand. Perhaps more important, it i« a 
false sense of security because the hard 
questions have never been asked in the 
first place. 

In the early dav^ of nuclear plant li- 
censing, for example, the problem of 
long lerm waste disposal was never even 
an issue. Only after extensive prodding 
by environmental and citizens* groups 
did the industry and regulators show ?ny 
awareness of waste disposal as a prob- 
lem at all. Judges like myself became 
troubled when those charged with ensur- 
ing nuclear safety refused even to recog- 
nize the seriousness of the waste dis- 
posal issue, much less to propose a solu- 
Q tion. 

ERIC 



I expressed these concerns in Natural 
Resources Defense Council v. Nuclear 
Regulatory Commission (/). In that case 
our court was asked to review the NRC's 
quantification of the environmental ef- 
fects of the uranium fuel cycle, including 
the ''back end** of the cycle, waste dis- 
posal and reprocessing. 

The NRC concluded that those effects 
are 'relatively msignificant.'* Yet the 
only evidence adduced in support of its 
assessment was the testimony of a single 
NRC expert. Most of the testimony was 
conclusory and the expert gave little or 
no explanation of the underlying basis 
for his optimism. 

'^o my mind, that testimony, without 
more, provided an inadequate basis for 
making critical nuclear plant licensing 
decisions. My objection was not founded 
on any disagreement with the expert's 
conclusions. For all I knew then or know 
now, he may have been accurate in mini- 
mizing the risks from nuclear waste dis- 
posal. Nor do I criticize the NRC for fail- 
ing to develop foolproof solutions to the 
problem of waste disposal. What I found 
uiiuCCcptMble wss the almost cavalier 
manner with which the NRC accepted 
the sanguine predictions and refused to 
come to grips with the limits of the agen- 
cy's knowledge. I stated (2): 

To the extent that uncertainties necssarily 
underlie predictions of this important on the 
frontiers of science and technology, there is a 
concomitant necessity to confront and ex- 
plore fully the depth and consequences of 
such uncertainties. Not only were the gener- 
alities relied on in this case noi subject to rig- 
orous probing— in any form— but when ap- 
parently substantial criticisms were brought 
to the Commission's attention, it simply ig- 
nored them, or brushed them aside. Without a 
thorough exploration of the problems in- 
volved m waste disposal, mcluding past mis- 
takes, and a forthright assessment of the un- 
certainties and differences in expert opmion, 
ihis type of agency acti n cannot pass muster 
as reasoned decisionmaking. 

The "thorough exploration" that I 
found lacking is particularly important in 
technically complex matters such as nu- 
clear waste disposal. Since courts lack 
the expertise to assess the merits of the 
scientific controversy, "society must de- 
pend largely on o *rsight by the techni- 
cally trained members of the agency and 
the scientiiic community at large to mon- 
itor technical decisions." There were a 
number of avenues open to the NRC for 
the kind of expioraion hat permits 
meaningful oversight— but the agency 
adopted none of them. 

The Supreme Court unanimously re- 
versed our decision {3). They felt that we 
had imposed extra procedures on the 
NRC beyond those required by law for 
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so-called informal rule-making under the 
1946 Administrative Procedure Act. 
They returned the case to our court, 
however, to determine whether the 
record supported the substantive con- 
clusions of the NRC. 

Whether the Supreme Court's deci- 
sion represents a fair reading of what our 
opinion in fact required the agency to do, 
I leave to the legal scholars. My own 
view is that the Supreme Court's deci- 
sion will have little impact because many 
of the new laws governing risk regulation 
explicitly direct agencies to use decision- 
making procedures that supplement the 
minimal requirements of informal lUlc- 
making under the Administrative Pro- 
cedure Act. Statutes such a? the Clean 
Air Act Amendments of 197'', the Clean 
Water Act of 1977, and the Toxic 
Substances Control Act of 1976 In- 
clude procedural and record-enhancing 
features that will contribute substantially 
to the quality and accountability of agen- 
cy decisions. 



Making Under Uncertainty 

I have never believed that procedures 
per se are a cure-all for solving regula- 
tory problems. Rather, procedural safe- 
guards serve an instrumental role, and it 
is the fullness of the inquiry that is para- 
mount. If tne inquiry is comprehensive 
and conscientious without additional 
procedural safeguards, it provides the 
best record we can hope for in making 
the difficult cfoices w now face. Con- 
versely, even whei^ all the procedural 
niceties are observed, if there is no com- 
mitment to a candid exploration of the is- 
sues, the predicate for good decision- 
making will be lacking. 

Agencies are now revising their proce- 
dures to increase the availability of ex- 
pert advic^' without abdicating agency 
responsibility for value decisions. 
Agencies hav** begun to encourage and 
fund public intervenors. These steps 
have increased the range of the adminis- 
trative process, and have forced the 
agencies to wrestle with the difficult 
questions which might otherwise escape 
public scnit»"y. Restrictions on ex parte 
contacts have increased our confidence 
in agencies' impartiality and fairness. 
The visibility of decision-making pro- 
cesses and decisions themselves has 
been enhanced by Congress' and the 
courts' commitment to Oi')enness, 
through the Freedom ^/ Information 
Act, the Advisory Committee Act, and 
the Sunshine Act. I am confident that the 
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courts will continue vigorously to carry 
out Congress* mandate that decison- 
making be honest, open, thorough, ratio- 
nal, and fair. 



The Probleri of Delay 

Considering all relevant data and 
viewpoints is essential to good decisions. 
This is why I am concerned by recent 
proposals to shorten the decision-making 
process for licensing nuclear reactors. I 
have no doiibt that some of the current 
delay is unnecessary, and it may be that 
current proposals do not affect critical 
deliberative processes. I do not express 
any vi^ws on specific proposals. I only 
want to caution that in speeding up the 
process, we must take care not to sacri- 
fice the ^'aluable and productive safe- 
guards that have come to be built into the 
decision-making process. 

I Co not favor delay caused by an un- 
thinking rejection of progress. Delay 
from unjustified fear of the future can in 



the long run cause more harm than the 
risk^ it prevents. But delay that is neces- 
sary for calm reflection, full debate, and 
mature decision more than compensates 
for the additional costs it imposes. The 
Alaska Pipeline was embroiled in exten- 
sive controversy in our courts, primarily 
by environmental groups who ques- 
tioned whether sufficient attention was 
given to safety issues. The litigation im- 
posed substantial costs, hoth the rising 
expenses for building the pipeline and 
the cost of postponing a major source of 
domestic energy. But in the subsequent 
attorneys' fees proceedings the com- 
panies themselves conceded that the liti- 
gation produced substantial safety im- 
provements in the pipeline that Congress 
ultimately approved. Sometimes *he 
benefits of delay can be dramatic. The 
American experience in avoiding the 
tragedy of thalidomide is a poigiiant but 
net unique example. 

By strengthening the administrative 
process we provide a constructive and 
creative response to the inherent uncer- 



tainties of risk regulation. Approaching 
the decision to take or to step back from 
risks such as nuclear power is like com- 
ing to a busv intersection with our view 
partially obscured. Our instincts tell us 
to proceed with caution, because inter- 
sections are dangero';s. Ultimately, the 
importance of our journey and the desir- 
ability of our goal may lead us lo b.-ave 
the traffic and pull out into the highway. 
But even when we decide to proceed, we 
should not omit the moment of reflection 
to observe the passing cars, and look 
both ways. 
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The terms ''hazard" and "risk'^can be 
used in various ways. Their usage in this 
article is defined by the following simple 
example. 

Three people crossing the Atlantic in a 
rowboat face a hazard of drowning. The 
maximum societal hazard in this case is 
three deaths. Three hundred people 
crossing the Atlantic in an ocean liner 
face the same hazard of drowning, but 
the maximum societal hazard is 300 
deaths. The risk to each individual per 
crossing is ven by the probability of the 
occurrence of an accident in which he or 
she drowns. The risk to society is given 
by the size of the societal hazard multi- 
plied the probability of the hazard. 
Clearly the hazard is the same for each 
individual, but the risk ii greater for the 
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individuals in the rowboat than in the 
ocean liner (/). 
Some general observations follow: 

1) Society is not risk-free and cannot 
be. No energy source is free of risk, ei- 
ther to the environment or to the public. 
This includes solar energy (2). Measures 
toward achieving "soft" energy, zero in- 
crease in energy consumption, and even 
conservation inherently carry risk. 

2) There are large gaps in society's 
understanding of risks and the econom- 
ics of risk management (3), Risk-benefit 
analysis, m the legislative process and 
elsewhere, is an important tool in deci- 
sion-making, and should be judiciously 
employed. Procedures are needed to en- 
sure proper disclosure of assumptions, 
uncertainties, unaggregated results, and 
so forth, and to ensure impartial evalua- 
tion and review of any mportanf risk- 
benefit decisions. 

3) The consequences of two different 
hazards may vary greatly with respect to 



their measurabiiity. This problem (to- 
gether with the possible er.oneousness 
of the raw data), has led to a questioning 
of the desirability of using such informa- 
tion in making decisions. Furthermore, 
some hazaids, such as the greenhouse 
effect or the effect of energy policies on 
the chance of war (4), introduce risks 
that can be difficult to quantify. Never- 
theless, for many societal hazards, risk 
quantification, albeit imperfect and fre- 
quently containing large uncertainties, is 
u*- -^.lly possible and desirable. Decisions 
siill have '.o be made, and they are likely 
to be better if they are made with the 
benefit of more complete information- 
keeping in mind tne need for judgment as 
to when the inability to completely quan- 
tify may lead to unwarranted depen- 
dence on estimates. Consi; oration 
should be given to requiring risk quan- 
tification, as practical, for societal en- 
deavors. 

4) Society uses the word safe in a 
vague and inconsistent fashion. Efforts 
to reduce risk are not necessarily made 
in the most cost-effective way. Our pri- 
orities should be reevaluated. 

5^ In view of their statistically smaller 
contribution to societal risk, major acci- 
dents may be receiving proportionately 
too much emphasis compared to other 
sources of risk, such as chemical resi- 
dues, pollutants, and wastes. 

6) Society's resources are limited. 
When resources are lavished on a 
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needed service, less is available for use 
in measures that reduce the number of 
injuries and premature deaths. Thus a 
more expensive source of eitctricity car- 
ries an economic penalty compared to a 
cheaper source. Above a particular lev- 
el, expenditure of resources on addition- 
al programs to reduce risks to health and 
safety may be counterproductive be- 
cause of adverse economic and political 
effects. 

7) Congress should take the lead in es- 
tablishing a national risk management 
program that is equitable and more quan- 
titative. 



The Need for Information 

Th.re are few published assessments 
of the many hazards and n. ks to which 
society is exposed. And there are still 
fewer risk assessments that (i) provide a 
detailed statement of the assumptions 
made in arriving at the conclusion, (ii) 
point out any uncertainties in the results, 
and (iii) have the benefit of a detailed 
evaluation by a competent independent 
body. 

For example, it is difficult to find pub- 
lished quantitative estimates of the risks 
posed by the thousands of large dams in 
the United States. In fact, the safety of 
such dams is generally poorly known, 
particularly with respect to the more se- 
rious, lov/er probability modes of failure. 
The situation is the same for faciliMes in 
which large ar ^unts of hazardous chem- 
icals are stored. 

We also know little about the risks 
created by emissions of substanv^v^s into 
the atmosphere, by the disposal of liquid 
and s )lid wastes, by coal-fueled electric 
power stations, by residues and addi- 
tives in our food, by occupational envi- 
ronments—and the list could go on. 

Nevertheless, substantial improve- 
ment can be nade in our knowledge 
about risks a 1 i e costs of their reduc- 
tion. 



Examples of Hazard and Risk Estimates 

Convey Island. An interesting and sig- 
nificant risk study, "Canvey: summary 
of an investigation of potential hazards 
from operations in the Canvey Island/ 
Thurrock area" (5), was released in June 
1978 by the Health and Safety Executive 
of the British government. 

Canvey Island li^ in the Thames Riv- 
er and is 9 miles long and 2.5 miles wide. 
It has 33,000 residents and seven large 
^ industrial complexes, including petro- 
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leum, ammonium nitrate, and liquefied 
natural gas facilities. The largest risk of 
death from an accident at one of these 
industrial facilities was estimated to be 
about 1.3 X 10"* (1 in r*^) per year for 
some of the nearest Caiivey residents. 
This risk is about five times as large as 
the average risk of dying in an automo- 
bile accident in the United States. The 
average risk of death from an accident at 
these installations was estimated to be 
about 5 X 10-^1 in 2000) per year for all 
the island's residents. This is about twice 
the risk of death from an auto accident in 
the United States. The chance of 1500 
people being killed in a single accident 
was given as more than 1 in 1000 per 
year. The chance of 18,000 being killed 
in a single accident was given as 1 in 
12,000 per year. 

It was stated that these estimates 
probably erred on the side of pessimism 
by a factor of 2 or 3, but probably not by 
a factor of 10. The Health and Safety 
Executive recommended that improve- 
ments be made that would reduce the 
likelihood of each of the risk estimates 
by a factor of 2 or 3. With these improve- 
mtiiis, ii was judged, ihe risks wouid be 
acceptable. 

My discussions with British experts in 
safety assessmen * ave given me the im- 
pression that they viv^ubt the practicality 
of obtaining improvement, for eve^y 
large facility in the British chemical in- 
dustry, by more than a factor of 10 over 
the risks estimated for Canvey. How- 
ever, the British are making it a matter of 
national law that safety assessment re- 
ports be submitted by each industrial fa- 
cility utilizing or storing more than a par- 
ticular quantity of a hazardous chemical. 
Notification is still required if some spec- 
ified lesser quantity is stored. The Health 
and Safety Fxecutive will have the re- 
sponsibility for evaluating the risk as- 
sessment ar.d deciding on the acceptabil- 
ity of the risk. 

Japan is also instituting safety design 
requirements for chemical plants, re- 
quirements that become increasingly 
strict in proportion to the number of 
deaths that might occur if there is a seri- 
ous accident. 

Should not the Uniteo States be devel- 
oping some systematic approach to these 
?nd other societal risks? I have little 
doubt that we nave many chemical in- 
stallations posing risks noi unlike those 
at Canvey. 

tJams in California. Limited studies of 
ten California dams by our group at the 
University of California, Los Angeles, 
indicated that up to 250,000 deaths could 
result from catastrophic failure of the 
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largest of these dams (6). Historically, 
large dams have failed (although not nec- 
essarily suddenly and in gross fashion) at 
a rate of about 1 in 5000 per year. How- 
ever, our crude estimates of the failure 
rate for some of the dams studied were 
as large as 1 in 100 per year. 

During the San Fernando Valley earth- 
quake in 1971, the Van Norman Dam 
nearly failed catast.ophicaiiy due to soil 
liquefaction, a phenomenon recognized 
only after its construction. Had the res- 
ervoir been full, the dam would have 
failed (7), possibly causing 50,000 to 
100,000 fatalities. 

The state of California has had a dam- 
safety law since the 1971 earthquake. 
The law specifies that the safety of each 
state-controlled dam must be reviewed 
and a finding of "safe" made. However, 
under the law the state need not pub- 
licize the risk it is imposing tvhen it de- 
termines that a dam is safe. And, of 
course, the maximum possible number 
of fatalities remai'^s unchanged by any 
finding. 

Earthquakes in California. California 
fac^s serious safety questions con- 
cerning ihe possibiv catastrophic effeci 
of earthquakes on its cities. This is also 
true in other states, but in California the 
problem is acute. On 17 March 1976 the 
U.S. Geological Survey advised Gover- 
nor Brown of the relatively large likeli- 
hood that a major earthquake in Los An- 
geles would kill many thousands of 
people, primarily from coilapse of seis- 
mically substandard buildings and from 
dam failure. A report prepared for the 
Federal Disaster Assistance Administra- 
tion makes equally gloomy predictions 
(5). To my knowledge, seismically sub- 
standard buildings have not been posted 
as hazardous in Los Angeles, nor have 
instructions been issued on where to go 
in the event of dam failure. The city of 
Los Angeles, of course, has been grap- 
pling with the problem of seicmically 
substandard buildings for years (9, 10). 
Seismic retrofit or building condemna- 
tion is very costly. So far as I know, the 
state of California has not devoted signi- 
ficant financial resources to this problem. 

Liquefied natural gas (LNG). The 
LNG te >nology has been the object of 
increasingly intense safety review in the 
past few years. One of the few large pro- 
posed L.S. chemical installations for 
whici: a serious, detailed risk study has 
been published was the LNG facility for 
Los Angeles (//), Oxnard, or Point Con- 
ception, California. 

The study, which was performed un- 
der a contract for the corporation re- 
questing to build the facility, has been a 
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subject of considerable controversy. It 
did not include a self-crif- ^e in which 
assumptions were clearly identified and 
uncertainties critically evaluated. And it 
did not establish quantitative criteria 
against which to judge the acceptability 
of the risk at each of the proposed sites. 

Although other risk estimates for these 
proposed facilities ha\e been issued 
(most project larger risks), a detailed 
study and evaluation by an independent 
group is not, to my knowledge, avail- 
able. 

The state of California has imposed 
very stringent siting requirements for 
LNG facilities, but California makes no 
systematic assessment of the hazards 
from large chemical installations, some 
of which may pose risks similar to or 
greater than those from the previously 
proposes LNG facility in Los Angelas 
harbor. Thus, in a state that is relatively 
advanced in its eflforts to control risk to 
the public, it is difficult to find a uniform 
rationale for the standards, priorities, 
and resources used in this job. 



Thf Fk?od at Big Thoinpson Canyon 

Some may call the flood at Big Thomp- 
son Canyon, Colorado (12), a natural di- 
saster. But if most of the fatalities could 
have been prevented by proper advance 
planning or emergency action, I am un- 
willing to shrug off the event as a natural 
disaster, seemingly beyond our control 
and not to be compared with accidents in 
man-made facilities. 

During the evening of 31 July 1976, an 
intense thunderstorm stalled over a small 
portion of Big Thompson Canyon, drop- 
ping ten or more inches of rain in a 3- 
hour period. Because of the steep moun- 
tain topography, the runoff quickly 
fomied a virtu-^I wall of water that dis- 
placed eveiyt' mg in its path. Of about 
4000peopk in the canyon, 139 died and 4 
were never found. Property damage ex- 
ceeded $41 million. 

The area was totally unprepared for 
such zn event. Efforts to evacuate were 
made, but they were obviously inade- 
quate. Was the loss of life the result of a 
natural catastrophe that could not be 
avoided? It might have been avoided al- 
together by restrictions on building in the 
floodplain— a controversial matter. Ac- 
cepting thede facto use of the floodplain, 
the loss of life could still have been mini- 
mized with the benefit of some prior 
analysis, a reasonably direct method of 
measuring and monitoring rainfall, and a 
suitable warning system. 

I do not recall any congressional in- 
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vestigation of the matter. Colorado has 
since imposed restrictions on rebuilding 
in the floodplain in Big Thompson, but 
these restrictions are being fought. There 
are many similar canyons all along the 
Front Range of the Rockies, including 
one that opens onto Boulder, Colorado. 
What safety precautions are being taken 
for these canyons and for other similar 
"natural" hazards? Is this questio:j 
being given the same priority as new 
LNG facilities oi nuclear power plants? 

Expenditures to **Save a Life'' 

The expenditures made by society to 
sav* a single life vary to a remarkable 
degree. Moriat {13) estimated that in 
France, $30,000 was being spent per life 
saved through road accident prevention 
and about $1 million per life saved 
through aviation accident pievention. 
Sinclair (/^) estimated that in Great Brit- 
ain the expenditures ranged from $10,000 
for an agricultural worker to $20 million 
for a hifi^-rise ^)artment dweller. 

Coruparable disparities among implicit 

United States. In a report prepared by 
the National Academy of Sciences 
(NAS) for the Senate Committee on Pub- 
lic Works in March 1975, estimates were 
made of the health costs of the pollutants 
from coal-fired electric generating plants 
{15). A figure of $30,000 per premature 
death was used (/5, p. 611) "rather than 
the value of $200,000 used in highway 
safety." The reasoning for this choice 
was that **most of the deaths occur 
among chronically ill, elderiy people, 
and the amount by which their lives are 
reduced may be only a matter of days or 
weeks." This value of life was then used 
as the reference value for cost-benefit 
trade-offs that provided a basis for eval- 
uating the merits of various approaf^^'.^s 
to control of emissions from coal giants, 
including the timing of ouch controls. 
The estimated number of premature 
deaths resulting from the activities of 
coal plants was lower in the NAS report 
than the highest estimate given in other 
publications (16), The actual value is 
quite uncertain. 

On the other hand, in its **As low a? 
reasonably achievable" (ALAR A) crite- 
rion for routine releases of radioactivity 
from a nuclear power plant, the Nuclear 
Regulatory Commission (NRC) employs 
$1000 pei man-rem as the expenditure 
limit for making improvements. On the 
basis of estimates from the 3EIR report 
(17), this translates into more than $5 
million per premature deaih deferred. 
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Furthermcre, this death would probably 
occur after the age of 50; hence, if one 
remained consistent with the philosophy 
promulgated in the NAS study, the $5 
million derived from the NRC criterion 
should be compared to a value less than 
the $200,000 quoted in the NAS report. 

The societal risk from ' e disposal of 
liazardous liquid and solid istes is sub- 
stantial. I doubt that society is using the 
same risk-acceptance criteria or value of 
life in its choice of criteria for disposal of 
radioactive and nonradioactive wastes. I 
believe that a similarly large discrepancy 
exists with respect to regulation of the 
transportation of hazardous radioactive 
and nonradioactive materials. 



Resource Allocation 

Resources for the reduction of risks to 
the public are not infinite. At some point, 
; greater improvement in health and 
safety is to be expected from a more 
stable and viabie economy than from a 
reduction in pollution or the rate of acci- 
dents. For example, Siddal (18) recently 
Suowcu a direct correlation between in- 
creased life expectancy and improved 
economic circumstances in Great Brit- 
ain. 

Perhaps Congress should initiate ap- 
propriate studies tn f nahip a reasGi!ab!y 
accurate evaluation to be made of the 
proper level of expenditure for risk re- 
duction. Within such a level of ex- 
penditure, if we fail to devote our re- 
sources to those risks in which the most 
reduction is achieved per dollar, we are 
not optimizing the effect of our capital 
outlay (19,, 20). Of course, one mus! en- 
sure that there are no gross inequities; 
that no individual is knowingly left ex- 
posed to a risk significantly greater than 
some upper limit of acceptability. 

Each individual or group that makes 
recommendations, or otherwise takes 
actions affecting national priorities, 
•jears some responsibility for t y ad- 
verse effects. Thus an individual /ho ef- 
fects the banning of DDT in a tropical 
country may inadvertently cause far 
more deaths than he defers, since the in- 
cidence of malaria will then increase. 
Similarly, if coal-burning electric gener- 
ating plants are found to cause far mo^e 
premature deaths than nuclear power 
plants (in agreement with most published 
estimates), an individual or agency that 
successfully advoc?tes> the construction 
of coai'burning plants instead nuclear 
power planis may be responsible for un- 
necessary deaths. If the media should 
present an unbalanced perspective on 
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some aspect of risk in society, and this 
causes risk-reduction priorities to be set 
inefficiently and even wrongly, the re- 
spoiuible media would, in effect, be con- 
tributing to the causing of premature 
deaths that might otherwise have been 
averted. 



Approaches to Risk Acceptance 

Lowrance (i) said, "A thing is safe if 
its risks are judged to be acceptable." 

Thfc Van Norman Dam was presum- 
ably considered to be safe before it near- 
ly failed in 1971. Was it safe? 

The Los Angeles Times some years 
ago editorialized concerning the pro- 
posed Auburn Dam, saying, "Let's build 
it if it*s safe." What does safe mean in 
the context of an Auburn Dam whose 
failure was estimated by an experienced 
engineer be capable of killing 0.75 mil- 
lion people (2/)? We canno; prove that 
there is zero probability of its failure. 
What estimated failure prcrbability is ac- 
ceptable? What level of uncertainty in 
this estimate is accept.ible? Will it be 
possible to demonstrate that such a 
safety goal can be achieved? 

The NRC licensed reactor No. 2 at 
Three Mile Island before the accident 
there. Hence t lad determined that 
** there is reasons )^ie assurance that the 
activities authorized by this operating li- 
cense can be conducted without endan- 
gering the health and safety of the pub- 
lie." However, the NRC did not provide 
an estimate of the residual risk remaining 
after the inclusion of required safety fea- 
tures. And the NRC still has not quali- 
fied its definition of "reasonable assur- 
ance" with substantive numbers. 

The approaches society might use in 
coping with "How safe is safe enough?" 
include (i) nonintervention (rely on the 
n:arketplace), (ii) professional standards 
(rely on the technical experts), (Hi) pro- 
cedural approaches (muddle through), 
(iv) comparative approaches (reveal or 
imply preferences), (v) cost-benefit anal- 
ysis, (vf) decision analysis, and (vii) ex- 
pressed preferences (rely on public per- 
ception of risk). 

It is to be anticipated that any general- 
ly accepted approach would incorporate 
facets of most of the abovs, as appropri- 
ate It is not proposed that quantitative 
risk-acceptance criteria can or should 
represent the whole approach. However, 
they should play an important role. 

It is not easy to develop a workable, 
defensible set of quantitative risk-ac- 
ceptance criteria that also allow for ben- 
efits, societal nc^eds, equity, economi^^s. 



political and social effects, a.id so forth. 
As a result, few specific proposals have 
been published. In an effort to sumulate 
discussion on the subject, Okrent and 
Whipple (22) described a simple quan- 
titative approach to risk management 
that incorporates the following principal 
features: 

1) Societal activities are divided into 
major facilities or technologies, all or 
part of which are categorized as essen- 
tial, beneficial, or peripheral. 

2) There is a decreasing level of ac- 
ceptable risk to the most exposed indi- 
vidual (for example, 2 x 10'^ additional 
risk of death per year for the essential 
category, 2 x 10"^ for the beneficial cat- 
egory, and 2 X 10 *^ for the peripheral 
category). 

3) The risk is assessed at a high level 
of confidence (say 90 percent), thereby 
providing an incentive to obtaining bet- 
ter d' .. (The expected value of risk 
must be smaller the larger the uncer- 
tainty.) 

4) Each risk-producing entity is sub- 
jected to risk assessment in terms of both 
the individual and society. The assess- 
ment is performed under the auspices of 
the manufacturer or owner but must be 
reviewed and evaluated independently; 
the decision on acceptability is made by 
a regulatory group. (For practical rea- 
sons, there would be some risk threshold 
below which no review was required.) 

5) The cost of the residual risk is inter- 
nalized, generally through a tax paid to 
the federal government, except for risks 
that are fully insurable and, like drown- 
ing, readily att»''butable. 

6) The government, in turn, redistrib- 
utes the risk tax as national health insur- 
ance or reduced taxes to the individual. 

7) Risk aversion to large events would 
be built into the internalization of the 
cost of usk, but with a relatively modest 
penalty. If a technology or installation 
poses a very large hazard at some very 
low probability (and many do), case-by- 
case decisions are made, with consid- 
erable emphasis on the essentiality of the 
venture. 

8; An A LARA criterion on risk is re- 
quired, although an incentive to reduce 
risk and associated uncertainties would 
alread/ be provided by establishing a 
suitab e level for the risk tax. 

This quantitative approach to risk 
management is, of course, untested. It 
may be both too complex and too simple. 
It is subject to iri obvious diflficulty of 
defining what constitutes a risk-produc- 
ing entity. However, there has been all 
too little real discussion of the question. 
"How safe is safe enough?" Comar (23) 



suggested a "de minimus" approach, 
and there are a few other proposals. But, 
more typically, entire symposia are held 
on risk management without so much as 
mentioning the subject of quantitative 
risk criteria. 

In conclusion, if our priorities in man- 
aging risk are wrong, if we are spending 
the available resources in a way that is 
not cost effective, we are, in effect, kill- 
ing people whose premature deaths 
could be prevented. There is some opti- 
mal level of resources that should be 
spent on reducing societal risk, a level 
beyond which adverse economic nd po- 
litical effects may be overriding. iMnally, 
there is need for the development of a 
national approach to risk management, 
one that Congress, the President, and the 
public can support. 
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Technology creates many rj«^s. Deter- 
mining which risks are accej ole is an 
important national issue. It pervades ma- 
jor sectors of our economy: In food pro- 
duction we face decisions about pesti- 
cides and preservatives; transportation 
risks are increasingly regulated; and a 
central issue in energy policy is the con- 
troversy over the risks from power 
plants. Regardless of vhether the seri- 
ousness of technological risk is only now 
being recognized, or, alternatively, that 
the preoc( upation with risk and regula- 
tions is ail overreaction, it is clear that 
the cost *o society of the conflict over 
accepting technological risks is great. 
These costs stem from the anxiety suf- 
fered by those who are dismayed by the 
conflicting information about these risks, 
and from the litigation, misplaced invest- 
ment, retrofits, and costly delays that re- 
sult from industry's inability to predict 
the acceptance of risk by the public. 

Risk assessment is growing in impor- 
tance as a rystem design tool. The final 
configuration of all technical systems is 
the outcome of a common design se- 
quence. The first task of a system design- 
er is the dev<*L^pment of a workable bas- 
ic concept. The second task is reducing 
the vulnerability of the system to failures 
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of component parts, including human 
participants. The final task is balancing 
the benefits and risks of thp neu/ syster.i, 
starting with the internalized economic : 
costs. The external effects have rarely 
been analyzed, and it is only in recent 
decades that we have become deeply 
concerned with this difficult but impor- 
tant part of the design process. 

Risks created by technical systems 
arise either from ronti^ie external effects 
considered acceptaoie at the time of de- 
sign, or from abnormal conditions that 
are not part of the basic design concept 
and its normal operation. Most abnormal 
evcKiS usually impair or stop the op ra- 
tion of the technical system, and may 
threaten the operators. The usual ex- 
ternal effect is the loss of ooerational 
benefits to the users of the output. The 
major internal consequences of failures 
are borne by the operating institution. 
The timely diffusion within the institu- 
tion of information abcat such failures 
usually stimulates rapid modifications to 
reduce the rati i of failure costs to oene- 
fits. l^ss frequently, a failure results in 
effects outside the institutional bound- 
ary, creating a public risk— and a poten- 
tial cost tc the public. These external 
costs are usually difficult to evaluate, 
and here the informatioiial mechanism 
for system modification is usually cum- 
bersome and slow. In recent years such 
modifications have been made because 
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of an increasing public concern over the 
inherent risks and costs arising from pre- 
viously acceptable external effects, both 
occasional and routine. For these rea- 
sons, the importance of ri^,k as a design 
criterion is increasing. 

The basic truisms about risk are read- 
ily recognized. First, everyone knows 
that risk taking is an accepted part of life. 

• w ill w luii, yjK*K It lo uia\^ uuii- 

gerous (just how dangerous can be diffi- 
cult to measure). Second, everyone re- 
acts differently to risks t«ken voluntarily 
and to risks that are imposed by some 

^^.ww ^i^jTMi^. Aiiiiu, uwiat«^iia iiiipcoiiig 

risks on us are being made all the time. 
This results in the fourth truism- a con- 
flict is inherent when a group imposes a 
risk on others. Historically, such con- 
flicts have been resolved by compro- 
mise, but rarely to everyone's satisfac- 
tion. 

't IS, therefore, characteristic of the 
ft-ncNoning of an organized society that 
conflicts arise from the balancing of pub- 
lic benefits and involuntary risks to the 
individual. Because such conflict is un- 
avoidable, our problem is how lo manage 
and minimize it. 

How should group uecision processes 
operate to minimize social costs and 
maximize social benefits? Group process- 
es range from anarchy to dictatorship. In 
most of the industrial world, we enjoy a 
medium "^^etween these, but the process- 
es for decision-making have themselves 
become contentious issues. 

Social costs include intangibles, and 
the question immediately evident is what 
costs are included anc^ how are they 
weighted. It is obvious that if we have a 
decision process, ard if we know how to 
determine costs to the individual, we still 
have a problem with the full disclosure of 
all the social c^sts. What is full dis- 
closure? Do we include the options for 
societal risk management as part of full 
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Fig. I. Value systems for risk. 

disclosure: that is, the cost of the alter- 
natives for managing the risk? Does it in- 
clude all present events, future events, 
the people who get the benefits, and the 
people who bear the costs? We have geo- 
graphic distributions, time distributions, 
demographic distributions— all of these 
are included by the term full disclosure. 
Where do we draw the boundaries? 

Decisions are not made by institu- 
tions; the decision process involves 
people. The government typically works 
through agencies and committees, so 
that, in fact, it is a few people in the 
agencies and a few people on the com- 
mittees who reaily decide what happens. 
How do we allocate the responsibility 
and the costs of bad decisions? How do 
we functionally connect authority, re- 
sponsibility for outcomes, and costs? 

After we establish tne social costs, 
how do we set out priorities? How do we 
determine the relative merits of various 
outcomes? That is a subject for a sepa- 
rate study, because, of course, value 
systems depend on culture, background, 
economic status, and all kinds of psycho- 
logical factors. 

Part of the problem in risk assessment 
comes from confusions that arise during 
discussions of the subjeci— confusions 
about reality, an; iysis, and individual 
perceptions. Reality is what has hap- 
pened or wiiat will ^^appen. Analysis is a 
process based on collected data, anec- 
dotal cases, an ^ statistics, any uf \yhich 
may or may not be correct; and, based 
on these, we invent simplified models to 
predict an outcome. The result, of 
course, is a large uncertainty in the pre- 
dictions. 

What is the intuitive perception of the 
individuals involved? Involuntary risks 
are perceived differently by individuals. 
Their perceptions may be far from real- 
ity. So, in discussing public acceptance 
of risk, we have to distinguish between 
the uncertain reality of what may occur, 
^he uncertain analysis of predicting it, 
and the variable perception of its poten- 
tial. ElmHar confusions exist, in- 
cidentally, over social costs and social 
benefits, which are also involved. As an 



illustration, who in the year 1900 could 
have predicted the social costs and bene- 
fits of the automobile? 

Finally, people's perceptions of proba- 
bilities are frequently in gross error. The 
accident at Three Mile Island proved 
very little about probabillcies of such 
events. The inadequacy of such single 
events for providing probability numbers 
can be explained analytically, but the po- 
litical response and the public per- 
ceptions are often based on single 
events. So even if a professional group 
develops analytic answers, it has diffi- 
culty piirsuading the public to accept 
them. 

Recognizing all these difficulties, it is 
nevertheless important to explore the 
subject of . management in order to 
improve the quality of decision-making. 



Analytic and Judgmental Approaches 

A question implicit in the term accept- 
able risk is ^'acceptable to whom?" Cer- 
tair'y congressional approval of any 
metiiod for making risk-benefit decisions 
establishes its legitifrsacy, but a public 
consensus is needed to sustain its use. 
Defining this consensus is difficult be- 
cause there are technologies that are fa- 
vored by a majority, or at least by a plu- 
laiiiy, bui are opposea by cAtierr*ei> 
motivated individuals and groups (for ex- 
ample, those who fight water fluoridation 
and nuclear power). Because of our ex- 
perience with other political issues in 
which similar divisions of public opinion 
occur (abortion, gun control), we know 
that we should not be optimistic over the 
prospects that a regulatory approach can 
neutralize ' "se controversies. Piobiems 
such as these raise issues, such as the 
definition of majority versus minority 

rights and the scope and limit of due pro- 
cess, tha* are well beyond those normal- 
ly associated with risk management. 

Congress has not defined ''accept- 
able" risk levels, except for the few cas- 
es in which a zero risk approach was 



niandawd. Far more frequently (/), Con- 
gress delegates responsibility for judgi' g 
risk acceptability to regulatory agencies 
with the criteria that protection be pro- 
vided against "unreasonable" risks. The 
methods by which these agencies inter- 
pret "reasonableness" 'ange from a for- 
mal analysis of risk, benefits, and alter- 
natives to purely subjective evaluations. 

Analytic Approaches 

The attraction of analytic methods 
(cost-benefit analysis, decision analysis) 
is their capacity to make explicit the as- 
sumptions, value judgments, and criteria 
used for making a decision. The analytic 
approaches are considered logically 
sound and sufficiently flexible to accept 
any value system. Given a specific set of 
values and criteria, a cost-benefit analy- 
sis could ideally indicate the decisions 
that would best balance technological 
risk and benefit (assuming that both tan- 
gible and intangible costs and benefits 
are included). But in reality it is difficult 
to measure group values, and ti. best th^ 
analytic methods can cnly be Uacu lo 
reach a rough approximation of the so- 
cial cost and benefits that characterize a 
decision. 

The debate over the relative merits of 
th^sc ?t^t^ro?.ch?s ^'^ncrsl!^ focuses cr; 
the effects of incomplete information 
(omitted and uncertain risks, benefits, 
and values), neglect of distributional ef 
fects, and other errors of simplification. 
It ;s not our intent to review the merits of 
these methods as commonly practiced; 
that has been done elsewhere (2-6). 

Physical Versus Financial Risk 

Bc^cause of our use of the term risk as 
the probability of either financial or 
physical damage, we may tend to uncriti- 
cally allow the use of premises about the 
acceptance of the risk to "life and limb" 
(7) to be based on an analogy to financial 
risk taking. 
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From the societal viewpoint, the pre- 
sumption that risk equals cost may be 
valid in most cases. For example, the 
cost of the risk of death is sometimes cal- 
culated as being equal to the discounted 
net earnings of those killed. This metli- 
od, now out of favor, operates as if the 
loss of lives were equivalent to the 
breakdown of productive machines. 

Similarly, the value assigned to resil- 
ience (8) leads to a desire to avoid cata- 
strophic accidents that parallels the 
strategy in which investments are diver- 
sified in order to limit lo^'ses under ad- 
verse conditions. Perhaps recognizing 
the differences between these two type * 
of risk, Zeckhauper (9) argued that, on a 
per fatality basis, the social cost ot mul- 
tiple-fatality accidents is lower than that 
of a single fatality because fewer survi- 
vors are affened. For example, the so- 
cial ^jst of thi 'c s of a city or a family is 
less than that of an equivalent number of 
independent, dispersed fatalities. Al- 
though the basis for this argument is ap- 
parent, it is also incomplete. For ex- 
ample, it ignores the value placed on the 
continuation of a family I'ne: the impor- 
tance of this value is evident in the draft 
deferment that was given to sole surviv- 
ing sons. Similarly, Wilson (10) noted. 

Small accidents Ihronghont the v.crld kill 
about 2 million people each year, or 4 billion 
people in 200O years. This is "acceptable" in 
the sense that society will continu? to exist. 
Since biuhs continually replace the deaths. 
But >^ a single accident were to kill 4 billion 
people, that is, the population of the whole 
world, society couM not recover. This would 
be unacceptable eve f it only happened once 
in 200O years. 

Anotner example in which the ability 
to generalize from financial cost-benefit 
analysis has been questioned is when 
physical risks are distributed across 
time. Arrow (//) argued that these risks 
should be treated as other costs, and dis- 
counted accordingly; other analysts of 
the issue have questioned the validity of 
this approach, and looked for alternative 
methods for guidance on how to judge 
equity in intergcncrational risk trade-offs 



Application of Expected Value to 
Individual Risk Assessment 

Although the above analogy ma> be 
valid for the collective view of the cost uf 
risk, it may not apply to the intuitive 
evaluation of risk. As Fig. 1 illustrate^, 
the individual and societal evaluations of 
risk are quite different (8). In the societal 
view, the presumption of a linear relation 
Yz-^-^ween risk and the cost of that risk 



may be quite valid. But as Howard (13) 
pointed out, the individual evaluation of 
that cost is necessarily nonlinear, and 
becomes infinite as the probability ap- 
proaches unity. 

The use of an expected valu'^ or ex- 
pected utility model is based on the 
premise that expected cost is sm:ply the 
product of the probability of an outcome 
and the evaluation of that outcome. But 
in the individual's view of the risk of 
death, this i« not valid, for this product is 
very large or infinite. 

It is often presumed that the individual 
evaluation of the cost of risk is linear 
over a probability range of interest (9, 
/i), but tnere is little firm evidence to 
support any hypothesis about the shape 
of this curve, as far as we know. Under 
the common conventions of risk analy- 
sis, the slope of the curves in Fig. 1 is 
referred to as the value of life. The politi- 
cians* old saw that life is of infinite value 
can be reconciled if this refers to the in- 
dividual evaluation of one's own life. 
This viewpoint is not inconsistent with 
the assignment of finite costs to rij>ks. it 
is the application of an expected value 
model that is inappropriate foi this eval- 
uation. 

^ second drawback v ith the appli- 
cation of expected value to individual 
risk evaluaiiofi 3iciTi.'> from the tendent^y 
by analysts to seek to accommodate dif- 
ferences of opinion entirely within the 
assignment of utility (14). This is because 
in most decision or cost-benefit analyses, 
the probability estimates are considered 
roughly valid because they are based on 
available data, engineering models (such 
as fault trees), and expert opinion. But in 
a study of public attitudes about nuclear 
power, the bulk of the disagreement was 
found to be due to different beliefs about 
accident probability (15). Although it 
may be perfectly valid to base public pol- 
icy on expert estimates and data, the at- 
tempt to reconcile differences in tne as- 
signment of costs and values is mis- 
directed if, in fact, the controversy over 
technologi ' risk is due to divergent be- 
liefs abou, probability 



Intuitive Versus Analytical 
Risk Assessment 

We now considijf the implications of 
the premise that ri^k acce^ t*Mce is uiti 
mately inseparable from the psychology 
of risk perception and evaluation. A cor- 
ollary to ihis premise is the assumption 
that when the results of intuitive i isk as- 
sessments differ significantly from thoee 
of the analytical methods, conflict fol 
lows. ^ ^ 
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Fig. 3. Perception of probability. 

It seems clear that intuitive and quan- 
titative risk-benefit assessments can pro- 
duce quite different results, even given 
the capacity of the analytical approaches 
to f*?commodate complex values relating 
to different risk attributes. The dif- 
ferences of opinion over probability as- 
signments are not limited to those risks 
for which data are not available; many 
people intuitively fear travel by airplane 
more than by automobile, yet aviation is 
safer. Explanations of this effect focus 
on the degree of individual control ovc 
riik the conditional probability of 
survival given an accident, and the cata- 
strophic nature of airplane accidents 
(17). 

The difficulty ihat ?nses from these 
differences in assessment stems from the 
dual meaning of acceptable risk The an- 
alytical methods help regulator ^et stan- 
dards that implicitly define acceptable 
risk. But the intuitive individual ffsess- 
ments of acceptability can ovciTule these 
decisions through the political process. 
T* e repeal of t'le r'^at belt interiock regu- 
lation and recent congressional action t^ 
prevent a ban on saccharin are case: 
which public opinion resumed in a policy 
change. 



Intuitive Risk-Benefit Analysis 

Given the role of individual judgments 
of (physiCcO risk and benefit in determin- 
ing the political acceptability of specific 
technologies, it seems particularly valu- 
able to try to understand intuitive nsk- 
benefit analysis. Efforts to develop this 
understanding were made by Starr (8, 
18, 19). whose approach was based on a 
study of historically accepted risk (re- 
vealed preferences) and by Fischhoff 
al. (17) and Slovic ct al. (20), whose 
approach was usually based on risk- 
taking behavior as determined by ques- 
tionnaire (expressed preferences). An 
additional source of information is the 
study by Lawless (21) of many con- 
troversies over technology. If we assume 
that many of these controversies arose 
because of iatuitive estimates of unrea- 
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sonaoly high risk (not true in all the cases 
described; som^ cases, such as the tha- 
lidomide tragedy, were due to late identi- 
fication of a risk,K then the common char- 
acteristics of risk and benefit in these 
controversies may indicate important 
factors in the intuitive risk process. Law- 
less did this, and his f.ndings confirm 
those of other studies in identifying cata- 
strophic potential and lack of individual 
control over risk as '^factors that influ- 
ence the impact of the threat." 



Understanding the Intuitive Process 

There is an attraction to try to develop 
an understanding of mtuiiivc lisk-bcr.cfit 
decisions by constructing parallels to the 
analvtical methods. This approach leads 
to a model of intuitive decision-making in 
which subiective judgments of the proba- 
bility and consequence of unde:>irable 
outcomes are somehow combined to 
produce a perceived risk; parallel judg- 
ments provide a perceived benefit; the 
two are then compared to provide in- 
tuitive judgment of acceptability. 

This model is quite broad; it does not 
specify the intuitive procedures for arriv- 
ing at either perceived risk or benefit, or 
for their comf/arison. Even so. the av?*I- 
able evidence suggests that this model 
may be inrorrect. First, stud'es of in- 
tuitive dec'sioii-making in general (not 
limited or applicable to physical risks 
alone). Have identified numerous deci- 
sion-n ..ig rules that do not follow the 
model described above (22). Second, 
there is evidence to indicate that benefits 
are not intuitively evaluated indepen- 
dently from risks. 

In the survey of subjective risk and 
benefit by Fischholf^v al. (17), perceived 
risk and perceived benefit were negative- 
ly correlated, due principally ♦o the sub- 
jective evaluation of a number of things 
as high in risk and low in benefit (hand- 
guns, cigarettes, motorcycles, alcoholic 
b ^rages, nuclear power). When sub- 
jects were asked to judge * the socially 
acceptable level of risk," those who first 



took the benefits into consideration con- 
sistently reported higher levels of ac- 
ceptability than did subjects who first 
evaluate'^ risk, which reinforces the view 
that risks and benefits are not evaluated 
independently. 

Despite the limitations of the per- 
ceived risk-perceived benefit view of de- 
ciding risk acceptability, we know of no 
better way to attempt to understand the 
intuitive processes for risk decisions. 
Supper^ for this approach stems from the 
fact that thv acceptability of a risk has 
been found to increase with increasing 
benefit both by Starr {18) and Fischhoff 
et aL {17). 



Benefits 

Little work has been done to charac- 
terize the perceived benefits of tech- 
nological activities. Starr {IS) found a 
correlation between risk and benefii 
awareness." which he described as a 
crude measure of public awareness of so- 
cial benefits. This measure was based on 
the relative level of advertising, the per- 
centage of the population involved in the 
activity, and a subjective judgment of the 
usefulness of the activity. The survey by 
Fischhoff <7 aL (17) included a subjective 
ranking of benefits, but no attempts were 
made to relate perceived benefit with any 
characteristics of that benefit. 



Probability Perception 

By far the most studied and best un- 
derstood component of intuitive risk- 
benefit analysis is risk perception and 
evaluation. There is excellent literature 
on the subjective estimation of probabili- 
ty (2.?). 

One aspect of the interpretation of 
probability that has been noted repeat- 
edly IS the intuitive handling of very low 
probabilities. As Mishan (7) noted: 'One 
chance in 50.000 of winning a lottery, or 
of having one's house burned down, 
seems a iietter chance, or greater risk. 



than it actually is," The Saxie observa- 
tion was made by Selvidge {24), Lich- 
tenstein ei al. (25) found similar results 
(Fig. 2) when they asked people to esti- 
mate the number of fatalities from specif- 
ic causes annually in the United States: 
"The full range of perceived risk is only 
about 10,000 while the corresponding ac- 
tual range is closer to 1,000,000," Simi- 
lar results were foi;r»d in another survey 
in which risk was ranked subjectively 
(/7). 

The influence of this perception is im- 
portant when we recall that the expected 
value or expected utility model calcu- 
lates that a change in event probability 
by a fact )r of 1000 produces a change in 
expected value or utility by a like 
amount. If the probability is perceived as 
having changed by a much smaller 
amount, then it would not be surprising 
to find that an intuitive evaluation of risk 
is less sensitive to probability changes. 
This can be extremely important for low- 
probability, high-consequence risks, be- 
cause probabilities lying below an in- 
tuitively understandable range may be 
overestimated. 

We postulate tb^t this is only true to a 
poini (see Fig. 3). Although we selected 
these scales judgmentally. their chief 

level of probability, the intuitive inter- 
pretation goes from "low" or "unlikely" 
to "negligible" or "impossible." This 
hypothesis can be used to explain behav- 
ior regarding seat belt use and perhaps 
smoking, in a study of seat belt use. 
Slovic <v al. (26) noted that if the deci- 
sion to wear seat belts is approached on 
a per trip basis, "we might expect that 
many motorists would find it irrational to 
bear the cost*^ (however slight) of buck- 
ling up in return for partial protection 
against an overwhelmingly unlikely acci- 
dent." They observed that "c^^ange of 
perspective, towards consideration of 
risks faced during a lifetime of driving, 
may increase the perceived probabilities 
of injury and death and. therefore, in- 
duce more people to wear seat belts. , . . 
Such differing perspectives may trigger 
much of the conflict and mutual frustra- 
tion between public officials and motor- 
ists, each believing (with some justice) 
that their analysis of the situation is cor- 
rect.' Similariy. Jacobson (27) referred 
to carcinogenic "chemicals which pose 
minuscule hazards to individuals. I?ut 
significant hazards to the population as a 
whole." This last point supports our 
premise that much conflict over tech- 
nological risk is due to differences be- 
tween intuitive and analytical risk-bene- 
fit analyses, if the hypothesis that per- 
ceived probability is effectively zero for 
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some isks is valid, then the perceived 
risk of a short automobile trip without 
scat belts or of one cigarette may be ze- 
ro. 

This nonlinearity in probability per- 
ception indicates that even something 
apparently as basic as the unit of ex- 
posure used to evaluate risk can be in- 
fluential. In his analysis, Starr ii8) com- 
mentedi, "The hour-of-exposure unit was 
chosen because it was deemed more 
closely related to an individual's in- 
tuitive process in choosing an activity 
than a year of exposure would be/' 

Accepting, at least tentatively, the re- 
lation between perceived and actual 
probability (Fig. 3), we can see a basis 
for the controversy over catastrophic 
risks. As mentioned above, h'gh-con- 
sequence, low-probah:!it> risks are of 
particular concern if their probabilities 
are overestimated subjectively. But 
wnen part of (he public believes the 
probability is low, and another part be- 
lieves it to be negligible, these beliefs 
lead to radically different cvaluatiGns. 
This may be the case with nuclear power 
and other risks of this type, and may be a 
key reason for the controversies over 
these risks. 



Risks DistFi ver Time 

Given the ^lent nonlineariiies in 
risk evaluation depending on the unit of 
measurement, it seems reasonable to 
^ook for othc** •^^rcc'^tu?.! f?*ctors r^lotcd 
to the units in which risks are expressed. 
A number of distinctions can be consid- 
ered: risks can be immediate or delayed, 
cumulative or ephemeral, and can affect 
future generations or cur own or both. 
There is little evidence to indicate how 
these factors are handled. Fuclis (28) 
cited evidence that individual discount 
rates for financial and physical risk are 
positively correlated. But the fact re- 
mains that benefits and risk may be dis- 
counted at different rates. For decisions 
with very long-term implications, the use 
of a variable discount rate, declining 
with time, may more accurately reflect 
the value given to future risks and bene- 
fits thar. a constant discount rate (29). 
This is an area that seems particularly 
worthy of attention, for many risk con- 
troversies are about risks that are per- 
sistent or cumulative, such as carcino- 
gens. 

Predicting Risk Controversies 

Because of the work to define the fac- 
^tnrs influencing perceived risk, it is now 
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possible to anticipate the kinds of risk 
likely to generate controversy. Cata- 
strophic potential and lack of individual 
control, particulariy once an accident oc- 
curs or a risk is identified, are apparently 
the most important risk characteristics. 
When the uncertainty associated with 
risks is great, data concerning the uncer- 
tpu-iy not forthcoming, and expert opin- 
ion apparently divided, apprehension by 
the public is understandable. Haefele 
(30) termed these risks hypothetical, and 
described nuclear power as the "path- 
finder" for these risks. Certainly there 
are many risks with the characteristics 
described above (for example, toxic 
chemicals and recombinant DNA re- 
search). Whether decisions can be made 
about these risks without the high degree 
of controversy and the resulting high so- 
cial cost associated with the nuclear dc 
bate remains to be seen. 



Quantitative Criteria for 
Risk Acceptance 

In May 1979, the Advisory Committee 
on Reactor Safeguards (ACRS) recom- 
mended "that consideration be given 
by the Nuclear Regulatory Commission 

titative safety goals for overall safety of 
nuclear power reactors" (31). The ACRS 
further recommended that "Congress be 
asked to express its views on the suit- 
ability of such goals and criteria in rela- 
tion !o other relevant aspects cf our tech- 
nological society. ..." A similar sug- 
gestion, accompanied by proposed cri- 
teria, was made by Fanner (32) in 1967; 
the criteria were expressed by a curve 
relating acceptable accident frequency 
with accident magnitude. Subsequent 
proposed criteria for acceptable risks, 
not necessarily limited to nuclear power, 
have been made by Starr (iS), Bowen 
(33), Rowe {34), Okrent and Whipple 
(35), Wilson (36), and Comar (37). Cur- 
rently efforts are under way within the 
NRC, -he ACRS, and elsewhere to de- 
velop quantitative criteria for risk ac- 
ceptance and to consider the many is- 
sues raised uy this approach. 



Incentives to Develop Quantitative 
Criteria for Acceptable Risks 

The dissatisfaction with cu '^ent regu- 
latory systems for risk managvuu.U pro- 
vides impetus to develop new methods. 
Theoretically, quantitative criteria for 
acceptability would resolve many specif- 
ic criticisms. One criticism stems from 
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the fact that in several cases, a zero-risk 
goal has been established. This denies 
the concept of a trade-off between risk 
and benefit, and ignores the difficulty or 
inr<possibility of reaching zero n:k. Fur- 
ther, improvements in technology have 
pennitted identification and estimation 
of risk at levels far below those that v/ere 
pcissible when specific zero-risk laws 
wore passed; risks we might consider 
negligible are not treated in the regula- 
tory process differently from much high- 
er risks. As Hutt (38) argued, 

UntU qiiite recently, a no-risk food safety pol- 
icy wa$ widely thought to be an achievable 
goal. . . It is now clear that it is literally im- 
possible to eliminate all carcinogens from our 
food. Moreover, many of the substances 
which pc»sc a potential ris** arc part of long- 
accepted components of food, and any at- 
tempt to prohibit their use would raise the 
most serious questions both of practicality in 
implementation and of individual free choice 
in the marketplace. 

A suggested way of handling this prob- 
lem would be »o set a level below which 
risks woulJ he ignored, provided some 
benefit were associated with the risk. 
This low level would serve as a quan- 
titative stanc'ard for acceptability of the 
risk. 

A second criticism of regulatory ap- 
piOdCiicb iiiai ucct^ionb arc ofien made 
arbitrarily. Such a charge is not surpris- 
ing considering that several regulatory 
agencies have a mandate to protect the 
public from "unreasonable" risk, with- 
out congressional guidance on how to 
juu^c icahuiiabienchh. The objections are 
enhanced when regulators are believed 
to be overiy accommodating or hostile to 
the regulated industry. Certainly, one 
way to reduce the influence of bias and 
arbitrariness is *o institute a numerical 
definition of "reasonable." Perhaps ihz 
time required for risk decisions would al- 
so be reduced by the availability of clear, 
relatively simple criteria. 

Often, regulatory authorities pecify 
the technology for meeting risk urgets, 
rather (ha, ♦he targets themselves. The 
drawback of .nis approach is that there 
are no incentives to develop more effi- 
cient methods of controlling risk. The es- 
tablishment of risk targets alone could 
stimulate the development of a variety of 
creative methods or risk control. 

Finally, another criticism of current 
risk management is that the effort re- 
quired to control risk (as measured by 
the cost per life saved) varies consid- 
erably from one risk to another; this 
wastes both lives and money (9). Assum- 
ing that the total funds allocated for risk 
reduction could be transferred freely be- 
tween different risk reduction opportuni- 
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ties (which is certainly not always pos- 
sible), the maximum number of lives that 
could be saved r'^.tionally is found when 
the marginal co of saving a life is uni- 
form among tne opportunities. Thus the 
comparative marginal cost-eflfectiveness 
of each opportunity for saving lives 
would become the guiding principle it 
the allocation of resources, and the value 
of life would be implicit in the total na- 
tional allocation of funds. There would, 
of cohrse, need to be a national alloca- 
tion ot resources to such *' life-saving" 
endeavors, but as with military budgets, 
a common-sense consensus judgment is 
likely to be as reliable as any analytic 
formula. 



Applications for Risk Criteria 

One of the pitfalls in trying to deveiop 
regulatory approaches for managing risk 
is the desire to use the same method to 
tackle a number of different risks. There 
are different types of risk decisions, and 
no single regulatory method seems appli- 
cable to all of them. 

The use of cost-effectiveness criteria 
serves as an example. This issue arises 
when, a priori, the technology is found 
acceptable but the specific operating 
point is left to be decided. An example of 
this type of decision is the determination 
of allowable levels of a pollutant in auto- 
mobile exhaust, in this case the issue in- 
volved is not the relative risk and benefit 
of transportation, nor the selection of a 
transportation technology (automobile 
versus mass transit). For this simplified 
type of decision the only issue is the mar- 
ginal tiade-off between the social cost of 
the risk and the cost of controlling it. For 
these cases, two kinds of quantitative 
criteria can be considered; the first is the 
standard for judging co^t-cuectiveness 
described above. There is nothing new in 
this approach; it is simply cost-benefit 
analysis in which the metric for judging 
the social cost of risk has been specified.. 
The second quantitative criterion is more 
pragmatic: it is a lower risk limit below 
which no regulatory action would be 
taken. This could be useful in allocating 
a regulator's time and would help pre- 
vent the highly visible cases in which the 
nuisance aspects of regub.uon are in- 
tuitively greater than the benefits of that 
regulation. 

The next level of difficulty in risk deci- 
sions is the choice of the best method for 
obtaining a specific benefit. In these cas- 
es the benefits need not be analyzed, it is 
presumed that the benefits are suffi- 
ciently great to justify any of several al- 



ternatives. For example, in the often 
heated debates over the selection of en- 
ergy production technologies, it is gener- 
ally assumed that, 'nder any proposed 
policy, energy services will be provided 
(such services include conservation). 
For this decision, the dominant issues 
are the costs and risks associated with 
each alternative. The difficulty in making 
these choices is often due to the qualita- 
tively dissimilar character of the risks 
(for example, air pollution risks from 
coal mining and burning versus nuclear 
reactor accident risks). It is difficult to 
see a role foi quantitative criteria in mak- 
ing comparisons of the type needed. One 
could estab ish a maximum permissible 
risk level that would serve to screen out 
excessively risky alternatives, but the 
selection of a technology generally de- 
pends on some aggregation, either ex- 
plicitly or implicitly, of the components 
of the social cost of each alternative. 
Presumably, after one alternative is se- 
lected, the decision is reduced to the de- 
termination of the preferred operating 
point discussed above. 

A complete risk-benefit decision re- 
quires that the relative social cost of the 
risk be compared with the associatec 
benefit. A pragmatic application of quan- 
titative criteria for these cases was sug- 
gested by Starr {19) and by Starr et al. 
{8), and is illustrated in Fig. 4. This risk- 
benefit curve reveals the commonly pro- 
posed characteristics for risk criteria: a 
lower limit for concern about risk (in this 
case, the natural -hazards mortalitv rate), 
an upper limit for acceptability (set by 
the average disease rate), and provision 
for risk-benefit trade-off between these 
limits. 

We should not overestimate the capac- 
ity of simple criteria, such as those illus- 
trated in Fig. 4, to reduce risk conflict 
costs. Many, if not most, risk estimates 
include significant luJgmental inputs. 
Tb.f're aic often substantial dis- 
agreements over ribk estimates* the 
methods used to arrive at risk estimates, 
and the competency, integrity, and moti- 
vation of the experts providing sub- 
jective risk estimates. What is needed for 
the application of quantitative criteria for 
risk acceptance is a standard of proof for 
determining whether the criteria have 
been met. Although many different ap- 
proaches to this issue have been recom- 
mended (including peer review, scien- 
tific courts, and quantitative methods for 
resolving differences betwer^n experts), 
the ultimate responsibility forjudging thw 
competency of risk analysis still resides 
with the regulatory agency responsible 
for managing the specific risk. 



Conclusion 

Analytical approaches to decide risk- 
benefit issues ideally come closer to 
maximizing net social benefits than any 
other approach. The usefulness of these 
methods in making assumptions and val- 
ues explicit justifies their application. 
But a necessary condition for applying 
their results to specific decisions is a so- 
cial consensus on the relative benefits 
and costs of the proposed actions. For 
specific types of risk, in which intuitive 
evaluations of risk and benefit contradict 
analytical evaluations, the necessary 
consensus may not develop, but rather a 
conflict requiring political resolution is 
likely to result. 

When the conflict arises from a dis- 
agreement over the level of risk rather 
than the value assigned to that risk, ef- 
forts to reduce the cost of conflict by in- 
corporating values into an expected util- 
ity approach will be unsuccessful. Quan- 
titative risk criteria appear quite attrac- 
tive in this respect, because the key to 
the acceptability of a technology under 
the proposed method is the level of risk,. 
Assuming that the estimated risk became 
the central point in the debate, the public 
might have mo'-f* confidence in the regu- 
latory syste;nj T their concern were di- 
rectly addressed. 

We see significant ^alue in trying to 
understand the mtuitive risk-benefit pro- 
cess. The evaluation of its outcome 
could reduce anxiety and cost if used as 
a tool in the desij^n of technical svstems. 
This IS already the case, as when we use 
more stringent criteria for nuclear power 
and commercial aviation than for a more 
commonplace risk (39, 40). The balance 
between individual and group risk-bene- 
fit decision methods is fundamental to 
the development ^f national policies on 
risk acceptance. It is customarily 
achieved through the political process, 
and is not amenable to quantitative anal- 
ysis. 
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Difficulty of Technological Regulation 



Success m satisfying the requiremenls 
and aspirations of the American citizen- 
ry depends greatly on the wise emplov- 
mcni of advancing science and technolo- 
gy. The polcnlia! gains from proper use 
of these tools include reduced costs of 
production, the discovery of new re- 
sources and invention of subst'lules for 
those in shrinking supply, and the design 
of new products whose manufacture 
would create needed jobs. Unfortunate- 
ly, there is a deterrent •o cur full realiza- 
tion of the fnils of technology. It is that 
technological activities produce nega- 
tives along with positives. Build any 
machine or set upany process and. along 
with the benefits, detrimental conse- 
quences also may result. Appreciation of 
possib!* disbenefils is now so wide- 
spread that government regulation of 
technological activities is a permanent 
policy, even if in practice it is an ambigu^ 
ous one, difficult to implement. 

Critics of present technological rcgula- 
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tion abound. They complain that the 
regulation often does not provide need- 
ed, minimum protection; over-regulation 
is frequent: Congress has created bad 
regulatory legislation; the courts are 
called upon to do what they cannot and 
should not be asked to do; agencies 
sometimes have conflicts of intci jst; reg- 
ulators often make inadequate investiga- 
tions and stall to play it safe; value 
judgments are confused with economic 
or scientific factors, an unintegratsd 
hodgepodge of disconnected decisions 
dominates; balanced decisions, with the 
risks and benefits of all alternatives com- 
pared, are rarely niade. Whether these 
cniicisms are justified is itself a value 
judgment, my cv/n being that all have 
considerable validity. 

In this article I wiM discuss the na- 
tion's present p 'ern of regulating tech- 
nology-based activities, arguing that it is 
overly beset with shortcomings. 1 will 
propose a new approach which » oelicve 
merits consideration ^or two reasons: (i) 
it satisfies some of the criteria fundamen- 
tal to any more satisfactory system, and 
(ii) it constitutes beginning theoretical 
support fcr the belief thai superior sys- 
tems are inventable. 



Before considering the shortcomings 
of present regulatory policy, it is essen- 
tial to recognize the inherent difficulty of 
technological regulation. To begin with, 
defining accurately what hazf"*'?' ^rft > )l- 
erable is essentially impossi ^ un- 
wanted ills conceivably present arc too 
numerous and not always quantifiable. 
Even if for every activity we could mea- 
sure every possible menace, wc would 
not iearn thereby what thrcshoid iovei of 
impairment is acceptable. What we de- 
fine as tolerable n jst depend on how 
much we are willing to r.sk losing. What 
degree of lowering of our life expectan- 
cies or vigor or joy of natural surround- 
ings are we willing to countenance? 
Since people diSfer in value judgments 
even if they agree on the facts, how can 
we specify the limit of harm? Should we 
merely insist that the disbenefit be negli- 
gible, how shall we define negligible? 

Just as identifying detriments is a be- 
ginning to sound regulation, so is a listing 
of rewards. How much of a gain should 
we insist on before we are willing to 
accept a giver, risk? Ii;dustry*s dollar 
costs of meeting regulations are eventu- 
ally paid by all of us, and most such costs 
can be estimated. But we cannot readily 
put economic worths on improvements 
in health or prevention of accidents. No 
marketplaor sets a pric** for an extra year 
of life or a month*s suptly of breathable 
ail Knowing that the decision-making 
required of us in'^olves listing the pluses 
:;iid n.inuscs for each alternative, the 
lists perpetually incomplete, the i?ems 
often unmeasu^ *, we sit in the ridicu- 
lous position of pitting one alternative 
against another. How are we to balance 
the gains against the risks with limited 
knowledge of each and no cler;r vveighing 
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scale? Despite this quandary, we have 
created regulatory agencies to limit haz- 
ards. 

Has regulation protected us from seri- 
ous harm? Tens of thousands of chemi- 
cals are being manufactured and a thou- 
sand new ones are added every year. 
Billions of pounds of some are produced 
annually. Analyses have suggested that 
more of these substances might be haz- 
ardous than we have recognized. Before 
ethylene dichloride was found to be a 
strong carcinogen, 100 billion pounds of 
it was produced. Vinyl chloride reached 
a rate of 5 billion pounds a year before 
tests showed it to cause cancer. A 1975 
report of the National Academy of Sci- 
ences stated that 1 billion pounds of 
toxic matter was being introduced yearly 
for pest control and that the govern- 
ment's knowledge of the potential harm 
was superficial. The Environmental Pro- 
tection Agency (EPA) has completed ex- 
amination of only a token part of the 
50,000 chemicals for which testing is 
required by the Toxic Substances Con- 
trol Act. Uranium mining has claimed 
the lives of miners because of radon gas- 
induced lung cancer. 

In principle, most cancer of environ- 
mental origin should be preventable. 
One tough problem in identifying envi- 
ronmental carcinogens is that it may take 
25 years before the influences are felt. 
This is true not only of many industrial 
chemicals but of low levels of radiation, 
radiu n, coal mine environments, asbes- 
tos, and others. Another problem is in 
instituting practical controls even when 
we have positively identified hazards — 
for example, smoking (lung cancer), fat 
in the diet (colon and breast cancer), 
and charcoal-broiled steaks (containing 
charred protein, a mutagen). 

Clearly, the investigatory task of iden- 
tifying and measuring hazards is an enor- 
mous one. Regulation is unsatisfactory 
partly because we have not faced up to 
the science and technology part of the 
task. Usually the technical experts and 
laboratory facilities required are more 
than the agencies are in a position to 
assemble. Inadequate budgets and in- 
spection powers often limit the making 
of studies leading to good regulations 
and the policing needed to ensure adher- 
ence to them. Restricted in investigatory 
capability, but anxious to protect against 
hazards, agencies sometimes hold back 
on approvals. Delays may curb harmful 
effects of new developments but also 
may deny us benefits. Regulation fre- 
quently involves voluminous, costly 
documentation on minor issues and long 
^ negotiations, the required industrial bu- 
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reaucracy matching the government's. 

Meanwhile, regulatory action some- 
times appears to have results exactly 
opposite to those intended. For instance, 
the current clean air offset requirement 
mandates that "old pollution ' has to be 
cut down before superior plants can be 
built in the same area. Since it is not 
al vays practical to make an old plant 
pollute less, this rule means that up-to- 
date, efficient, tow-pollution plants are 
discriminated against in an established 
region and will not be created there, 
while old plants that pollute heavily are 
allowed to remain. This discourages in- 
vestment in new technologies that under- 
lie cleaner plants. 

Two decades ago it took 5 years and $1 
million to woric an average new drug 
through the regulatory mill. Today the 
typical cost is nearer $20 million and the 
time is approaching 10 years. In this 
pe*iod the rate of new drug introductions 
by U.S. firms has fallen by 50 percent. 
Should we be thankful that we are paying 
the added price in time and money to 
prevent hasty introductions of bad 
drugs? Or are we allowing needless suf- 
fering and deaths that new good drugs 
might prevent? We do not know, be- 
cause no group has the function of an- 
swering these questions. During the 
1970*s, U.S. drug companies increased 
their annual R&D budgets in foreign 
countries from under $50 million to over 
$250 million. Trials with volunteers are 
permitted by other countries, who view 
differently the balance between the dan- 
gers of new drugs and the values they 
might provide. If pharmaceutical R <^ D 
moves abroad, then foreign countries, 
not we, will be penalized by the hazards, 
but they will be the early beneficiaries of 
the health benefits and financial returns. 
Perhaps it has worked out that our pat- 
tern has afforded us great protection and 
cost us little in missed gains. If so, that 
would be largely accidental, because no 
group is cleariy charged with comparing 
these broad alternatives. 



Conflicting Roles of Regulatory Agencies 

Can a regulatory agency be an ade- 
quate investigator of negatives if it is 
simultaneously an arranger of a flow of 
positives? For instance, is the Nuclear 
Regulatory Commission (NRC) in busi- 
ness partly to see that the nation obtains 
nuclear energy, or does it exist solely to 
protect us against the negatives of the 
nuclear approach? If both, does it not 
have a conflict of interest? Moreover, is 
it reasonable to assume that the NRC 



can balance nuclear reactor hazards 
against energy needs unless it is assigned 
the duty and given the means to deter- 
mine how much energy the nation re- 
quires and is expert on alternatives such 
as coal and solar, on the politically ac- 
ceptable level of oil imports, and on the 
potct!:»di of more conservation effort? 
The NRC often has counseled the suppli- 
ers and utilities and can claim never to 
have had to turn down a request for a 
license. When it also takt3 upon itself 
the role of safety expert and the public*s 
protector, the perplexity is natural. Im- 
mediately after the Three Mile Island 
event other utilities operating similar re- 
actors considered closing down tempo- 
rarily. The NRC was looked to for a 
decision about a shutdown. Here the 
mission of the NRC as a protector was 
understandably perceived by some to be 
in conflict with its also being a party to 
providing uninterrupted electric power. 

There is an opposite side to this con- 
flict of interest coin. Those wishing to 
get on with technological activities are 
frequently frustrated by the negating ac- 
tivities and indecisiveness of govern- 
ment agencies. Sometimes the critics of 
an agency are politically powerful, and 
the ultimate effect of their criticism is to 
cause the agency to depart from its mis- 
sion of protection and seek to appear to 
be using a more even approach. In so 
doing, it compromises its role as a pro- 
tector. Consider, for example, the politi- 
cal difficulties of the Occupational Safety 
and Health Administration (OSHA). It 
was not created either lO promote indus- 
trial development or to slow it. Industry 
is disturbed by the costs of meeting 
OSHA*s standards and the large staffs 
needed to deal with OSHA. The criti- 
cism has become so great that OSHA is 
now on the defensive. It may have to 
create for itself an image of balanced 
decision-making or face lower funding 
and restricted jurisdiction. This handi- 
caps OSHA in fulfilling its mission of 
worker protection. At the same time, its 
actions will hardly be viewed by industry 
as contributing to expansion. Thus, all 
concerned — workers, industry, and gov- 
ernment — will contmue to be unhappy 
with OSHA. 



Trade-offs Between Benefits and Harms 

Decision-making on technological op- 
erations can hardly be sound unless it 
includes examinmg alternatives. Also, 
the decisions, once made, must be en- 
forced. There is no such thing as zero 
risk, so to seek it can only generate an 
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expensive bureaucracy with no chance 
of succeeding. Comparing imperfect op- 
tions and balancing risks and gains, both 
in arriving at rules and policing adher- 
ence to them, is key. Severity in regula- 
tion is not necessarily an error on the 
safe side, because it can also have a 
negative impact on productivity and em- 
ployment. It can hurt our ability to com- 
pete in the world market, lower return on 
investment, raise prices, discourage new 
investment, and decrease average in- 
comes. People who are made poorer 
suffer from health problems just as sure- 
ly as do those who are not protected 
from health hazards. 

Starting with the Pure Food and Drug 
Act of 1906, we have added laws govern- 
ing therapeutic drugs, cosmetics, medi- 
cal devices, occupational environments, 
pesticides, children's sleepwear, auto- 
motive safety, nuclear emissions, and 
pollutants in water and the atmosphere. 
All this regulatory effort is narrowly fo- 
cused and disconnected. Effects of spe- 
cific regulations on other government 
piogramsand overall national economic, 
physical, and social health would enter 
the deliberations if responsibility for 
comparing alternatives broadly accom- 
panied government regulation. In some 
instances agency policies include finding 
evidence of positive benefits before al- 
lowing a new product on the market. 
However, usually the legislation setting 
up regulating agencies is silent on defin- 
ing trade-offs. Congress has actually 
sometimes forbidden balanced decisions 
by the agencies and required unbalanced 
ones. The Clean Air Act specifically 
precludes the deliberate weighing of 
benefits against harms. The so-called 
Delaney Amendment to the Food and 
Drug Act tells the Food and Drug Ad- 
ministration that It must not consider the 
cost impact when making regulations. 

The trade-off between improving the 
environment and increasing the energy 
supply is typical. The economy's being 
slowed by too low an energy supply is 
bad; allowing more pollution and acci- 
dents is also bad. With no one in charge 
of balancing positives and negatives, the 
government has taken several unrelated 
and conflicting actions. If coal use is 
expanded, then energy shortages may be 
eased, but environmental impairment 
and safety hazards will increase. The 
government first set a low ceiling price 
on natural gas, discouraging further ex- 
ploralion and simultaneously increasing 
demand. In an unrelated act, it then 
imposed drastic controls on coal. To cut 
air pollution, it mandated changeovers to 
oil and ^as for utilities using coal. A little 



later, reacting to actions by the oil-ex- 
porting nations, it required greater use of 
coal. The government introduced strong 
air pollution restrictions on automobiles 
without considering the impending oil 
shortage. The EPA's isolated auto emis- 
sion rules raised the demand for unlead- 
ed gasoline and lowered MPG (miles per 
gallon) performance. Less gasoline is 
produced from a barrel of crude in mak- 
ing unleaded fuel, so more refinery ca- 
pacity was needed. At the same time, 
new restrictions were placed on refiner- 
ies. While one agency thus pushed the 
demand for oil upward, another discour- 
aged the expansion of capacity. Govern- 
ment policy in energy has preached con- 
servation, encouraged dissipation (by 
keeping conventional fuel prices low), 
made development of new domestic en- 
ergy sources through private investment 
less attractive, then started government- 
funded programs to pursue new energy 
alternatives. 

The automobile pollution problem is a 
good example of the need to consider the 
inevitable impact of a ruling or inaction 
on the rest of the economy. The automo- 
tive industry employs more people, con- 
stitutes a higher fraction of our gross 
national product, uses more materials, 
consumes more energy, and influences 
our way of life more than any other 
industry. Regulations affecting the de- 
sign of a car have an enormous effect not 
only on air pollution and accidents but 
also on unemployment, the national 
economy, and our international competi- 
tiveness. Government controls have 
much to do with the price of cars. The 
price influences the rate at which the 
public shifts from older (lower MPG. 
more polluting, less safe) cars to more 
desirable ones. Government actions 
dominate manufacturers* decisions as to 
where to put available funds — to meet 
regulations, enhance productivity, or im- 
prove the product. Yet little evidence 
exists to suggest that federal regulation 
of the industry has been based on weigh- 
ing overaP national gains and costs. 

Seat behs. safety glass, collision-proof 
door latches, and the energy-absorbent 
steering column were the first mandatory 
safety requirements. The regulatory bu- 
reaucracy then invented 5-mile-per-hour 
bumpers, the airbag. and interiocking of 
seat belts with the ignition. The public 
vetoed the last two. The new bumpers 
perhaps reduced repair bills after some 
accidents, but they cost con.sumers Si 
billion for the adornment and required 
hundreds of millions of gallons of extra 
gasoline annually to handle the added 
weight. It is not evident that any safety 



benefit has been attained. I'o this day, 
we do not know whether auto standards 
are in the right range, everything consid- 
ered. 

A different kind of example is the 
Georges Bank project, off the coast of 
Massachusetts, where the Labrador Cur- 
rent and the Gulf Stream converge and 
stir up nutrients. The fish catch there 
over the next 20 years is believed to be 
worth $3 billion to $4 billion. Geologists 
estimate that during the same period $10 
billion of oil and gas can be obtained 
from the area. The 2:overnment is about 
to sell petroleum leases amidst contro- 
versy over potential harm to the fishing. 
Many agencies are involved and the pat- 
tern for setting standards is confused. 
No one group has the responsibility to 
compare alternatives. 



Delays due to Indecision 

The eastern United States has a refin- 
ery capacity for less than a quarter of the 
oil It consumes. No new refinery has 
been built on the East Coast for more 
than 20 years, and petroleum products 
must be shipped from a distance, using 
energy and adding pollution from its dis- 
sipation. Those seeking to locate a new 
refinery on the East Coast have contest- 
ed for many years with those striving to 
prevent it. Involved, in addition to those 
who would operate the facility, are nu- 
merous citizen groups, the Department 
of Energy, the Department of Interior, 
the National Oceanic and Atmospheric 
Administration, the Commerce Depart- 
ment, local government groups, the 
Army, the General Accounting Office of 
Congress, the EPA. the Coast Guard, 
and others. None has decision power. 

To secure approval for a pipeline from 
California to Texas, the Sohio Company 
spent 5 years obtaining 700 separate per- 
mits from regulatory authorities. Then, 
seeing no end of legal challenges, the 
company gave up. But perhaps we badly 
need the pipeline. Who knows, and who 
is to say? 

Another example particulariy shows 
how our decision-making affects us inter- 
nationally. California competes with Ja- 
pan for liquefied natural gas (LNG) from 
South Alaska. Indonesia. Chile, Malay- 
sia, Australia, and other Pacific loca- 
tions. Anticipating a decline in U.S. gas 
supplies, California gas companies com- 
menced arrangements 10 years ago for 
LNG deliveries from sources offering 
two or three decades of supply, well 
before the Japanese made similar con- 
tracts. The gas started flowing to Japan 
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in 1977. The earliest the United States 
can now receive this gas is 1983, the 
period having been used up to get ap- 
proval on a terminal site for the tankers. 
Similarly, the Alaskan North Slope gas 
pipeline project was blessed by the Ca- 
nadian Prime Minister, the U.S. Con- 
gress, and the President in 1977. Many 
more years will be needed to complete 
approvals. Perhaps this slowness gives 
us worthwhile protection. It would be 
easier to be convinced of that if the 
decision process appeared so thorough 
as to require the time for selection of the 
wisest altertiative. It seems instead to be 
a hodgepodge of fragmented confronta- 
tions. 

It is interesting to compare Canada 
and the United States on similar tech- 
nological projects, Canadian tar sands 
and U.S. oil shale. Both are huge energy 
resources but need additional develop- 
ment. Two commercial plants are in op- 
eration in Canada, a cooperative effort 
by govemment and private industry. 
There is nothing comparable in the Unit- 
ed States. Canada began passing envi- 
ronmental protection legislation years 
before similar U.S. action, so they are 
not ignoring the problem, but they seem 
able to match reasonable environmental 
protection with desired use of the re- 
sources. Permits required in the United 
States for a single project in oil shale 
number in the hundreds. One disapprov- 
al is enough to halt action. Again, if our 
procedure results in well-balanced deci- 
sions, it will be partly fortuitous. 

The Department of Agriculture esti- 
mates that if pesticides were banned, 
crops would decline 30 percent and food 
prices would rise 75 percent. Millions of 
people around the world would go 
hungry because U.S. food would no 
longer be available to them. Unregulated 
use of pesticides is unthinkable, but the 
standards should be based not alone on 
the dangers of their use but also on the 
disbenefit of their nonuse. A recently 
introduced herbicide is said to be envi- 
ronmentally superior to existing ones. It 
was the result of 20 years of research and 
approval effort. Should the regulatory 
process be accelerated, the gains expect- 
ed to exceed the potential harm of pre- 
mature approvals? To weigh probable 
benefits against risks is not now a re- 
quired regulatory procedure. 



Role of the Judiciary 

Interested parties now commonly seek 
appeal from regulations through the 
Q courts. Litigation has become so fre- 
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quent that regulations are often rendered 
academic, their application requiring the 
step of winning in court. The U.S. Court 
of Appeals recently struck down a regu- 
lation by OSHA on the handling of ben- 
zene. Regulations originating several 
decades ago limited the allowable molec- 
ular concentration of benzene in indus- 
trial establishments to 100 parts per mil- 
lion. This was later lowered to 10 parts 
per million. Then OSHA ruled that the 
concentration should be decreased to ! 
part per million. Would adhering to these 
more severe standards save 100 lives, or 
even one life, annually? OSHA had not 
performed tests to answer such ques- 
tions; it was going on the assumption 
that if holding benzene in the air to a low 
value is good, then reducing it to ? lower 
value must be better. On the other hand, 
it was quickly ascertained that OSHA's 
new standard would lead to industry 
expenditures of more than $500 million. 
Immediately a value issue arose: some 
certain and large economic penalties ver- 
sus some possible, but perhaps totally 
absent, health benefits. OSHA assumed 
that industry spending to meet regula- 
tions is not to be a criterion when the 
agency seeks to protect human lives. But 
surely some price is prohibitive and 
some of the expected benefits must be 
measurable, the court decided, ruling 
that OSHA could not apply the more 
severe standards. (The case recently was 
heard by the Supreme Court, which 
backed up the decision of the Court of 
Appeals.) 

The inadequacies of the regulation 
process, while making the role of the 
courts more important, has also caused 
their function to be less distinct. Indus- 
try often complains that the courts undu- 
ly delay and interfere with industrial 
development. Labor and environmental- 
ists argue that the courts defer valid 
prosecutions b^ repulatory agencies and 
are too subservient to industry groups. 
Accusations are common that judges, 
without adequate knowledge of the high- 
ly technical matters involved, misuse 
their injunctive power, available at the 
beck and call of environmentalists at 
times and of industry groups at other 
times. 

While fundamental questions exist as 
to the appropriate role of the judiciary in 
technological regulation, the legislation 
produced by Congress is in any case a 
key factor in the frequency and sub- 
stance of actions before the courts. Con- 
gress has set up a new agency almost 
every time a new harm has surfaced, the 
empowering legislation occasionally di- 
recting the agency to do something bor- 



dering on the impossible, such as essen- 
tially eliminating a risk. The laws gov- 
erning the agencies do not tell them 
whether to tolerate a trivial hazard when 
the cost of removing it is enormous while 
banning it may deny us a great benefit. 
By creating many narrow agencies and 
ignoring the impacts ^f an agency's regu- 
lations on the rest of the nation's activi- 
ties. Congress has almost neglected its 
constitutional role as overall policy-mak- 
er and has created a base for isolated, 
piecemeal, and inconsistent decisions. 

No really effective legal foundation for 
control exists over most regulatory agen- 
cies. Each new empire is constructed to 
be independent of elected officials, those 
who must answer to the voters. Al- 
though Congress has committees to 
oversee the work of regulatory agencies, 
these committees seem not to spot over- 
regulation or under-regulation readily, or 
an agency's lack of motivation or re- 
sponsibility to compare alternatives, if 
that is what Congress intended, or the 
fact that an agency is inadequately fund- 
ed to obtain facts essential for sound 
regulation. It has been estimated that 
$100 billion to $200 billion per year is 
spent by industry to meet govemment 
regulations, an amount comparable with 
the nation's annual capital investment or 
the federal tax revenues from business. 
Thus Congress could be excused for 
spending roughly as much time studying 
regulatory costs, to make sure they a e 
justified, as pondering taxes. With a bud- 
get in mind to meet regulations. Con- 
gress could apply its own value judg- 
ments to the comparison of costs with 
benefits. 

Admittedly, some benefits result when 
regulatory matters get to the courts. In 
bringing unresolved matters there, in- 
dustry, environmentalists, and numer- 
ous other government and private groups 
help bring to the surface a very critical 
issue in technological regulation: the sur- 
vival of democratic institutions in a tech- 
nological age. This is more important 
than the courts' curbing bureaucratic ex- 
cesses or catching inadequacy of exper- 
tise. If Congress did its job properly, 
creating an adequate organization to 
handle technological regulation, the role 
of the courts would become less cloudy. 
The courts could then concentrate on 
being the guarantor of the rights of the 
individual in a technological democracy. 

Present court activity in technological 
regulation does not have this focus. Re- 
flecting the unsatisfactory state of court 
actions on technological activities, Da- 
vid Bazelon, Appellate Judge of the 
Washington, D.C., Circuit Court of Ap- 
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peals, recently suggested (/) that in cases 
involving technological and scientific 
hazards the courts should restrict them- 
selves to the role of watchdog over the 
expert. The courts should ensure, he 
wrote, that the experts have fully consid- 
ered all the evidence, but should refrain 
from inserting themselves as the final 
arbiters of complex scientific questions. 
This may be what, in practice, the judge 
must do in certain cases, but it does not 
mean that the courts can shy away when 
experts testify. Any proposed technolog- 
ical activity must meet the test of justice 
and fairness to the individual, which 
every judge swears to uphold, or our 
concept of democracy will not survive. 
Society *s interests, whether or not an 
issue is based on technological matters, 
may occasionally deserve to outweigh an 
individual's rights. But the presumption 
underlying the Bill of Rights and the 
Constitution is still the supremacy of the 
individual. Historically, it has been the 
courts* duty to uphold fundamental val- 
ues on which the majority or the power- 
ful may be seeking to trample. In admin- 
istering justice, the court is the expert. 
No matter how we organize technologi- 
cal regulation, society will feel frustra- 
tion with court decisions much more 
deeply if the courts fail to articulate and 
implement basic concepts of justice than 
if they fall short in ensuring that deci- 
sions are scientifically accurate. 

This may be all the more evident once 
it IS fully accepted that a decision con- 
ceming a technology-based issue is not 
merely a matter of risk assessment. If it 
were, we could turn it over to expert 
calculators. Broad problems arising out 
of scientific and technological advance 
are never matters of science and technol- 
ogy alone. Instead, like all other impor< 
tant issues, they are dominated by their 
social, ethical, and political dimensions 
(2). Jeremy Bentham, in the early days of 
the industrial revolution, enunciated a 
political theory of social policy based on 
the idea that one could compare the 
number of people benefited with the 
number harmed to arrive at an appropri- 
ate decision. He hoped that legislation 
could be based on such a quantitative 
criterion. (Bentham believed his system 
would protect the working class since no 
policy affecting laborers adversely could 
prevail, the large number harmed ex- 
ceeding the small number of company 
owners.) But now it is clear that a pro- 
gram might benefit a large number but 
cause the death of a few. Is this just 
according to our ethical and legal stan- 
dards? In many technology-related is- 
^ <iues to come before the courts, the deci- 
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sion may hinge on this point. 

Take only one example, the nuclear 
energy option. It can be given some 
useful evaluation through cost-effective- 
ness analysis, but it also involves mat- 
ters that cannot be judged in terms of 
numbers. The analysis is likely co dis- 
close only what is good for the majority. 
What the nuclear route does to a minor- 
ity may always have to be for the courts 
to ponder and is definitely not a matter 
for technical experts alone (i). 



A Proposed New Approach 

With the foregoing description of the 
problems of technological regulation in 
mind, let us consider a regulatory organi- 
zation that may be superior to present 
approaches as to timeliness of action, the 
reaping of benefits from technological 
advance, protection against hazards, and 
the minimizing of court actions on items 
best handled through legislation. 

One route to improvement lies in deci- 
sively separating two duties of the gov- 
ernment in regulation of technology: (i) 
to investigate and make recommenda- 
tions concerning negatives and (ii) to 
balance the good against the bad aspects 
of various alternatives and make deci- 
sions. The proposed approach starts 
with a competent organization to discov- 
er, study, assess, provide recommenda- 
tions, and prccent cases regarding all 
hazards to safety, health, and the envi- 
ronment. To remove conflicts of inter- 
est, we would relieve this investigatory 
unit of any responsibility for considenng 
positives and attempting balanced deci- 
sions. Decision-making would not be its 
business. When it comes to clean air and 
water, nuclear safety, toxic chemicals, 
occupational health and safety, purity in 
food or drugs, and the rest, the group 
should be equipped with the experts, 
tools, and budgets needed to track down 
all the detriments of existing or proposed 
activities. The operations of the Federal 
Bureau of Investigation (FBI) are a use- 
ful guide. The FBI is an investigatory 
agency; it investigates crime and finds 
criminals. It does not try or sentence 
lawbreakers. It does not decide whether 
capital punishment is proper or whether 
jails should punish or rehabilitate. When 
it finds culprits it turns them and the 
evidence it has found over to another 
part of the government. 

If we accept the value ^ a separate, 
unambiguous mission to investigate dis- 
benefits, it is sensible to bring all such 
activities together in one agency. Ever>' 
potential harm to humans and the envi- 
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ronment requires for discovery and eval- 
uation an array of measurement equip- 
ment, laboratory facilities , field offices, 
and expertise in chemistry, physics, biol- 
ogy, engineering, toxicology, statistics, 
and other disciplines. Efficiency and 
flexibility of organization would result if 
the experts were all in one strong unit. 
No need would exist for Congress con- 
tinually to perceive a new danger and 
launch still another agency to handle it. 

In all technological activities, some 
entity presumably always exists, such as 
a drug manufacturing firm or an electric 
utility, that wants to move forward with 
a product or a project. These groups and 
the proposed technological FBI may of- 
ten be opposing parties, one interested in 
the advantages of some activity it wishes 
to engage in, the other ready to say what 
detriments the activity will bring. Per- 
haps these two interested parties will 
agree that the activity is safe or, con- 
versely, should be held up until identi- 
fied disbenefits can be diminished. If 
they do not agree, then a decision board 
is needed to settle the issue. 

We see at this point that the FBI 
model for our proposed agency to handle 
technological negatives is inadequate, 
and that in some respects the Depart- 
ment of Justice, which includes the FBI, 
offers a more complete analogy. This is 
because the new agency would be ex- 
pected to bring actions before the deci- 
sion board. It would present its evidence 
of hazards and recommend action by the 
board to disapprove or mandate the 
modification of technological activities. 
In this analogy the agency would resem- 
ble the office of the U.S. Attorney, 
which decides whether to take a case to 
court and, if it does, then prosecutes it. 
The party carrying on the technological 
activity would be analogous to the de- 
fendant, and the decision board would be 
like the judge. (If this analogy is applied 
crudely to a present regulatory agency, it 
would say that the agency acts as both 
the prosecutor and the judge.) It would 
be hoped that most often the investiga- 
tory agency and the technological opera- 
tor would "settle out of court.** 

The decision board, unlike the investi- 
gatory agency, should have the role of 
comparing alternatives, balancing the 
good against the bad, and the duty to 
connect the case before it to other na- 
tional interests. It should have the un- 
questioned responsibility for banning or 
approving the challenged technological 
operation. The pluses and minuses of the 
activity and the alternative for regulating 
it would be argued as thoroughly as 
possible in the board^s hearings, after 
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vhkh the board would make its deci- 
sion. While a single agency may be the 
best way to manage the discovery and 
evaluation of hazards and the presenta- 
tion of recommended means to handle 
them, we should not try to solve all 
society-technology interactions with one 
decision board, because of the expected 
number of cases and the wide array of 
value judgments to be included. 

The decision boards should be regard- 
ed as extensions of the Executive 
Branch— that is, of the President — a con- 
clusion arrived at by focusing on the 
intended board's missions. We want the 
boards to (i) constitute a credible and 
effective representation of the elector- 
ate, (ii) integrate the members' values to 
form criteria forjudging the options and 
use these value judgments for decision- 
making, and (iii) compare the alterna- 
tives, seeking to balance benefits and 
risks. The President should appoint the 
members with the consent of the Senate, 
naming citizens of outstanding compe- 
tence and character, with staggered, sub- 
stantial tenms of office. This process will 
cause the boards to be inherently politi- 
cal, as they should be, responsive to the 
country's goals and priorities, thus ful- 
filling (i) and (ii). By the congressional 
legislation setting up each board, by oth- 
er pertinent legislation affecting the is- 
sues the boards will ponder, and by the 
boards* op<2rating competently, (iii) will 
be satisfied. 

The President, Congress, or the new 
investigatory agency would be empow- 



ered to call on a decision board to handle 
a question. Other private or public 
groups or individuals could also request 
the board's consideration of an issue (4). 
Because the boards would be expected 
to ponder every case on a broad basis, 
they would be expected to overiap fre- 
quently, one board being assigned the 
decision responsibility but typically call- 
ing on another board for advice. The 
legislation setting up the boards would 
provide the first approximation to defin- 
ing their jurisdictions and would name 
the activities (such as a nuclear reactor 
installation) specifically requiring their 
approval. In case of doubt as to which 
board should handle a particular issue, 
the assignment should be made by the 
President. 

As the boards go about their tasks of 
rendering decisions, the courts will 
sometimes be sought out by interested 
parties. If the legislation setting up the 
boards is competently written, their 
decisions will be interfered with by the 
judicial only when they overstep their 
charter or ignore other pertinent legisla- 
tion or fail to be just and fair. For exam- 
ple, a board may make a decision it 
regards as superior to any alternative for 
the good of the nation, but may overlook 
an injustice to some citizens caused by 
that decision. The Constitution and the 
courts will always be with us, and deci- 
sions reached in any way may end up in 
the courts. But we can do better than to 
encourage the present trend of relying 
on litigation to settle most important 



issues. 

The need for the decis'on boards and 
the investigatory agency described, or 
some superior approach, can be summa- 
rized by quoting the words of John G. 
Ke»,ieny, president of Dartmouth Col- 
lege and chairman of the presidential 
commission on the accident at Three 
Mile Island (5). **Our decision-making 
process is breaking down. The problem 
is whether our current political process 
can handle the complex issues of modem 
society — highly technical questions of 
science and technology that also involve 
value judgments. ... I am still a believer 
in democracy, but I think some changes 
will have to happen in the practice of it. 
We have to have a forum for effective 
discussion of highly technological issues, 
so that there is a clear consensus on what 
science and technology say about an 
issue. Then the political process can 
make the value judgment." 
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Currently, more than ten federal stat- 
utes contain statements about risk and 
benefit assessment; the process of set- 
ting environmental standards increasing- 
ly rests on the analysis of risk. The 
courts have made numerous references 
to risk-benefit analysis in reviewing the 
actions of regulatory agencies. Yet the 
issue of what role risk-benefit assess- 



ment should have in energy or environ- 
mental policy is neither clear nor settled. 
One reason is that many of the questions 
that a.ise in attempting to evaluate risk 
are what Weinberg (/) has called "ques- 
tions which can be asked of science and 
yet which cannot be answered by sci- 
ence . . . they transcend science." An- 
other is that decisions on how to measure 



or reduce risk are not purely scientific 
ones, they are policy choices as well, 
enveloped in the controversy that usual- 
ly accompanies policy disagreements. 

In carrying out this rule-making func- 
tion, regulatory agencies are frequently 
required to postulate answers to trans- 
scientific questions. These include the 
extrapolation to low doses of results 
obtained at high doses of a substance; 
the interpretation of carcinogenic poten- 
cies measured in diflferent animal species 
to infer possible eflfects on humans: the 
meaning of benign tumors; the use of 
epidemiologic, in vivo, and in vitro stud- 
ies as evidence for establishing health 
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effects; the choice of a dose-response 
model. 

Regulatory agencies, such as the Envi- 
ronmental I^otection Agency (EPA) and 
the Occupational Safety and Health Ad- 
ministration (OSHA), promulgate stan- 
dards that reflect their policies on health 
risk. In doing so, they must consider the 
enabling statute, the intent of Congress, 
and the procedural requirements of the 
Administrative ProceJi^rc Act. The stat- 
utes vary greatly in their description of 
the risk analysis that the agency musi 
perform. Because of the frequent ambi- 
guity of the statutory language and the 
discretion given to agencies in choosing 
objectives and methods of implementa- 
tion, litigation and judicial review are 
often the ultimate source of regulatory 
policy. 

The statutes have thus created an **un- 
easy partnership'' (2) between adminis- 
trative agencies and the U.S. Courts of 
Appeal. The courts must scrutinize the 
procedures used by the agencies in form- 
ing regulations and- also examine the 
substance of the agency policy. Agency 
findings of fact must be supported by 
evidence in the record. Environmental 
regulation is a difficult area for courts to 
oversee because of its technical content, 
and judges do not agree on the role of the 
courts in reviewing energy or environ- 
mental decisions. The positions of two 
judicial scholars of administrative law 
illustrate this. The late Judge Leventhal 
of the D,C. Circuit Court of Appeals 
believed that the courts have a **central 
role of ensuring the principled integra- 
tion and balanced assessment of both 
environmental and non-environmental 
considerations in federal agency deci- 
sion-making'' (i). In his view, the deci- 
sions taken by the agency are reviewed 
by competent judges, who apply uniform 
standards of review, thus limiting the 
dependence of results on the court that 
hears the case. A different view was 
expressed by Judge Bazelon, also of the 
D.C. Circuit, who stated: **Because sub- 
stantive review of mathematical and sci- 
entific evidence by technically illiterate 
judges is dangerously unreliable, ! con- 
tinue to believe we will do more to 
improve administrative decision-making 
by concentrating our efforts on strength- 
ening administrative procedures" (4). 

Considering the technical complexity 
of the assessment of health risks, it is 
understandable that courts would be 
cautious about interposing their judg- 
ments on these issues. Nevertheless, the 
last decade has brought closer judicial 
scrutiny of environmental policy, as 
courts have required more formal and 



rigorous administrative proceedings. 
Under the **hard look" doctrine of ad- 
ministrative law, the agency must ana- 
lyze the evidence, describe its method- 
ology, and explain the rationale for its 
decision (5). 

In this article we discuss the treatment 
in law of several key issues in risk as- 
sessment: the meaning of the 1980 Su- 
preme Court ruling that OSHA must 
demonstrate that a standard is needed to 
remedy a ^^significant risk," the burden 
of proof of the significance of risk under 
conditions of scientific uncertainty, and 
the resolution of the conflict between the 
desire for accuracy and the need to re- 
duce hazardous exposures. We then re- 
view approaches that have been taken in 
balancing the economic costs against the 
benefits of risk reduction. 



Significance and Risk 

In the 1980 Supreme Court ruling in 
Industrial Union v. American Petroleum 
Institute (6), the court required OSHA to 
demonstrate, before it issues a standard, 
that **it is reasonably necessary and ap- 
propriate to remedy a significant risk of 
material health impairment." Lower 
courts had recognized that not all risks 
can be eliminated by regulation; some 
are too slight {de minimis) to be consid- 
ered. 

In a case involving the use of acryloni- 
trile in beverage containers (7), the court 
interpreted the legal definition of addi- 
tive as requiring that a substance migrate 
into food **in more than insignificant 
amounts. ' Although the court said the 
second law of thermodynamics guaran- 
tees that some acrylonitrile will enter the 
beverage, it decided that this fact alone 
does not make acrylonitrile an additive. 

In cases under the Clean Air Act and 
the Toxic Substances Control Act the 
courts recognized that the regulatory 
agency has the power, "inherent in most 
statutory schemes, to overlook circum- 
stances that in context may fairly be 
considered de minimis'' (8). However, if 
the EPA wishes to ignore low levels of a 
substance, it must find "the concentra- 
tion at which there are only trivial bene- 
fits to be derived from regulation"(9). 

In previous OSHA cases the lower 
courts did not apply close scrutiny to 
agency regulation of uncertain risks. For 
example, in a 1975 case the court upheld 
a reduction in the standard for workplace 
exposure to vinyl chloride from 50 to I 
part per million. It did not request that 
OSHA calculate the number of cancers 
to be expected from either exposure lev- 



el or adopt a model of carcinogenesis; 
the opinion does not mention the prob- 
lem of extrapolation from animal tests 
(10). Another court in 1978 upheld the 
standard for coke oven emissions, ac- 
knowledging that no safe level of expo- 
sure could be shown (//). A strong 
expression of this approach came in a 
1976 opinion by J. Skelly Wright, now 
Chief Judge of the D.C. Circuit, uphold- 
ing an EPA regulation restricting lead as 
a gasoline additive. He said that "a de- 
termination of endangerment to public 
health is necessarily a question of policy 
that is to be based on an assessment of 
risks and that should not be bouni by 
either the procedural or the substantive 
rigor proper for questions of fact" (72). 
The agency was left free to adopt risk- 
averse regulations. 

In contrast, the Supreme Court ruling 
in Industrial Union (6) requires OSHA to 
develop better evidence of the risks of 
exposure. The Occupational Safety and 
Health Act calls for safe employment, 
and the court noted that " *safe' is not 
the equivalent of *risk-free.' There are 
many activities that we engage in every 
day — such as driving a car or even 
breathing city air— that entail some risk 
. . . nevertheless, few people would con- 
sider these activities *unsafe.' Similarly, 
a workplace can hardly be considered 
*unsafe' unless it threatens the workers 
with a significant risk of harm." 

The court based its decision primarily 
on economic considerations, that is, a 
recognition that regulation of low-level 
exposures is very costly. It pointed out 
that under OSHA's rules, once a sub- 
stance was determined by specific evi- 
dence to induce cancer in animals, or m 
humans who experienced extremely high 
exposures, it must be regulated. Since 
the National Institute of Occupational 
Safety and Health (NIOSH) had 2415 
substances on its list of suspected carcin- 
ogens and OSHA listed 269 of them as 
carcinogens subject to regulation, fol- 
lowing this course **would give OSHA 
power to impose enormous costs that 
might produce little, if any, discernible 
benefit.'' The court concluded that Con- 
gress did not intend to give OSHA such 
broad power. After a review of the legis- 
lative history of the Occupational Safety 
and Health Act, the court rejected the 
view that **the mere possibility that 
some employee somewhere in the coun- 
try may confront some risk of cancer is a 
sufficient basis for . . . the expenditure 
of hundreds of millions of dollars to 
minimize that risk." It then proceeded 
further: if OSHA were correct in arguing 
that it need not characterize a risk as 
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significant, the statute might be uncon- 
stitutional as an overly '^sweeping dele- 
gation of legislative power" {13). 

Conclusively showing the significance 
of risks from low-level exposures would 
require resolution of issues that range 
from the choice of a dose-response mod- 
el to the definition of ''acceptable" risk. 
OSHA's rule-making allowed it to avoid 
this problem: it did not establish a safe 
exposure level of a substance. OSHA 
required standards to be set at the lowest 
level feasible. But this approach incorpo- 
rated other assumptions about carcino- 
genesis, such as the no-threshold hy- 
pothesis. The extent io which a finding 
of significance may rest on such assump- 
tions is unclear. The Supreme Court 
refused to consider what factual findings 
are necessary to establish significance. 
In footnotes to its opinion (6), it stated 
that animal studies could support "a 
conclusion on the significance of the 
risk" and that epidemiologic evidence, 
even if insufficient to generate a dose- 
response model, *' would at least be help- 
ful" in deciding whether a risk is signifi- 
cant. 

However, with animal studies there 
are still the questions of extrapolation 
and interspecie> comparison, and appro- 
priate epidemiologic studies may be non- 
existent, so the evidence suggested by 
the court may still not resolve the con- 
troversy. 

On some occasions, however, OSHA 
regulates a well-defined risk. The Su- 
preme Court considered what level of 
known risk is significant by bounding the 
concept. It noted that a one per billion 
risk of cancer from chlorinated water 
would not be significant, while a one per 
thousand risk of death from inhaling gas- 
oline vapor would be. Somewhere in 
between lies significance; where that 
point lies must require case-hy-case de- 
termination. 

Under other statutes, courts confront- 
ed with a known risk have often ruled 
that if the probability or severity of harm 
IS ve-y low, the risk should not be regu- 
lated. In nuclear power plant licensing, 
the courts have noted that there is a 
small probability of a major accident 
from a meltdown, but because the 
chance of such an occurrence is so low. 
it need not be factored into the environ- 
mental impact statement {14). Similariy. 
a nuclear plant exposes some persons to 
low-level radiation; this guarantees that 
some risk exists, but it is of such lew 
severity that courts and agencies have 
found it *'clearly acceptable under exist- 
ing conditions" {15). The D.C. Circuit 
Q acknowledged that this risk might at 
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some future time be proved severe, but 
did not find that possibility sufficient iO 
justify refusing a license. As the court 
added in a later case, "even the absolute 
certainty of Je minimis harm might not 
justify government action . . . whether a 
particular combination of slight risk and 
great harm, or great risk and slight harm, 
constitutes a danger must depend on the 
facts of each case" {16). 



Burden of Proof 

When the risk is uncertain, what is the 
burden of proof that an agency must 
satisfy to demonstrate significance? The 
law usually requires that a fact or an 
overall finding (such as civil liability) be 
supported by a '^preponderance of the 
evidence" or "more likely than not" (51 
percent). The normal rule of administra- 
tive law is that "it is the proponent of a 
rule or order who has the burden of proof 
in administrative proceedings" (6). Wit!i 
the exception of the Federal Insecticide, 
Fungicide, and Rodenticide Act (FI- 
FRA), which places the burden on the 
registrant to prove that a pesticide is 
safe, environmental statutes follow this 
principle. In eariier cases OSHA was not 
required to demonstrate the significance 
of a risk. But in the benzene case the 
Supreme Court held that "the burden 
was on the agency to show, on the basis 
of substantial evidence, that it is at least 
more likely than not that long-term expo- 
sure to 10 ppm of benzene presents a 
significant risk of material health impair- 
ment" (6). 

While this principle applies to the 
overall finding of significance, it does not 
apply to the components of the analysis. 
The basic principles of scientific proof 
must be followed wherever there is a 
consensus among scientists. For a spe- 
cific piece of evidence to be valid, such 
as the induction of tumors in mice by 
chemical X ingested under conditions Y, 
the findings must be replicable and be 
statistically significant at commonly pre- 
scribed levels. A finding of carcinogene- 
sis must be "proven" with 95 percent 
confidence or greater. However, there 
are some issues in the measurement of 
risk about which there is no scientific 
consensus. Here the agency is held to a 
lower burden of proof than "a prepon- 
derance of the evidence." 

The Supreme Court ruling allowed 
OSHA to adopt conservative assump- 
tions about carcinogenesis "so long as 
they are supported by a body of reputa- 
ble scientific thought" (6). It also stated 
that the agency has no duty to calculate 



the exact probability of harm. Therefore 
OSHA may regulate carcinogens by esti- 
mating the risk, and characterizing it as 
signincant, on the basis of the most 
conservative dose-response models. Al- 
lowing the agency to choose answers to 
transscientific questions that are not nec- 
essarily the most popular or most logical, 
but are supported by some experts, 
would allow OSKA lo assume signifi- 
cance even where a preponderance of 
the evidence does not support such a 
finding. 



Factual Accuracy 

Risk assessment by regulatory agen- 
cies reflects a tension between two basic 
goals of regulation. McGarity CO has 
described these as factual accuracy and 
result orientation. To achieve the first 
goal, the agency should wait until suffi- 
cient data have been accumulated before 
imposing regulations. The second goal 
requires agencies to implement policies 
that Congress considers socially desir- 
able. An agency may choose to endorse 
a particular result and acknowledge that 
factual accuracy is impossible, or it may 
regulate only where it can be accurate. 
To avoid this choice, an agency faced 
with a risk of uncertain magnitude may 
choose to defer regulatory action until 
more studies are completed that will 
better define the risk. If the agency has 
underestimated the risk, delay will prove 
to have unnecessarily injured some; if it 
has overestimated it, delay m\l avert the 
imposition of excessive co. ts. In a case 
where the agency lacked complete evi- 
dence of the environmental impact of its 
action, the D.C. Circuit held that the 
agency must give "full and careful con- 
sideration" to delay, but may proceed if 
it decides that delay "is outweighed by 
the benefits of proceeding" (18). 

When further research is unlikely to 
produce additional knowledge, delay is 
inappropriate. Thus a court contemplat- 
ing the risks of low-level radiation from a 
nuclear plant refused to consider that the 
exposure might be proved hazardous be- 
cause *There is no indication that either 
possibility could be rendered other than 
speculative during the for'^seeable fu- 
ture" (18). 

Sometimes delay is inappropriate be- 
cause Congress has clearly chosen the 
result-oriented approach in the relevant 
statute. The EPA must establish ambient 
air quality standards for pollutants even 
where the current state of knowledge 
makes this difficult; it must make do with 
the best information available (19). But 
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in other cases, such as occupational ex- 
posure to suspected carcinogens about 
which little research has been done, it is 
difficuh to decide whether to delay. Thus 
far» the courts have given no clear guid- 
ance. 

The Supreire Court appeared to en- 
dorse both factual accuracy and result 
orientation in the benzene case. As de- 
scribed in the opinion, if the agency is 
explicit in its choice of models, it may 
attempt to eliminate almost all cancer 
risks by adopting a '^one-hit" theory of 
carcinogenesis. But the court has also 
called for stronger evidence, better doc- 
umentation, and clearer proof that a risk 
exists; it found the evidence of low-dose 
benzene carcinogenicity inadequate (20). 



Balancing 

A critical question is the extent to 
which economic costs should be weighed 
against tlie benefits of risk reduction. 
Statutes dealing with the environment 
and energy differ in their "approach to this 
issue, and the courts are wrestling with 
it. There are four types of statutory 
frameworks, as described below. 

I) One class of statutes requires that 
the agency balance cost and benefits. 
Some statutes explicitly require cost- 
benefit analysis. The most important ex- 
ample is the National Environmental 
Policy Act (NEPA), which mandates 
'*balancingof the environmental costs of 
a project against its economic and tech- 
nological benefits"; a numerical cost- 
benefit analysis is required in cases 
where other methods provide inadequate 
detail. More recently, the Outer Conti- 
nental Shelf Lands Act, amended in 
1978, requires offshore drilling to be 
done with the safest technology, except 
when **thc incremental benefits are 
clearly insufficient to justify the incre- 
mental costs of using such technologies" 
(2/). Similarly, FIFRA requires suspen- 
sion of pesticides when there is *'unrea- 
sonable risk to man or the environment, 
taking into account the economic^ social, 
and environmental costs and benefits" 
of the pesticide. Similar language ap- 
pears in the Toxic Substances Control 
Act (22). 

When the ^^unreasonable risk'' lan- 
guage appears, the courts have imposed 
balancing as a prerequisite to regulation. 
Under the Consumer Products Safety 
Act (CPSA) and the Federal Hazardous 
Substances Act (FHSA), the courts have 
held that such language **necessarily in- 
volves a balancing test like that familiar 
in tort law" {23). This balancing formula, 
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called "Learned Hand's algebra" after 
the great jurist of the I920's, has three 
components: the burden of the regula- 
tions, the probability of harm occurring 
from the product or conduct at issue, and 
the severity of the harm if it occurs. A 
regulation is valid if the severity of the 
injury, factored by its probability, out- 
weighs the burden of regulation. This 
allows the courts to make a subjective 
assessment of the imposition on the con- 
sumer. 

2) A second approach to balancing 
costs and benefits appears in the Clean 
Water Act. The EPA must consider 
costs, but they are much less central to 
the decision than under the first ap- 
proach. In establishing phase I (1977) 
effluent standards, the agency must con- 
sider the total cost of standards, includ- 
ing potential unemployment and disloca- 
tion. It need not make a quantitative 
comparison of cost and benefit, and it is 
to impose the standard unless the mar- 
ginal level of effluent reduction is '*whol- 
ly out of proportion" to the cost. For 
phase II (1987) standards, the total cost 
need not be compared to benefit, but 
only considered. One court of appeal has 
required a cost-effectiveness analysis of 
alternative strategies to implement phase 
II controls. 

When an individual polluter wishes a 
variance from the effluent standards, the 
result is different. The U.S. Supreme 
Court ruled in 1980 that the economic 
capability of an individual plant to bear 
the costs of a phase I standard may not 
be considered (24). But under phase II 
individual economic hardship will justify 
a variance. The reasoning is that phase I 
standards already incorporate costs, be- 
cause they are calculated on the basis of 
the best control system now in use; 
segments of industry that have not at- 
tained this level should be required to do 
so. Individual consideration is appropri- 
ate for phase II bee mse such cost analy- 
sis has not yet been performed. 

3) A third approach is to ignore costs 
and focus on the issue of health risk. The 
Delaney clause of tH- federal Food. 
Drug, and Cosmetic Act. which provides 
that no additive can be approved "if it is 
found to induce cancer.' is an example. 
In theory, once tests demonstrate the 
carcinogenicity of a substance, no con- 
sideration of its benefits or the costs of 
Its removal is relevant; the additive is 
banned. This approach is used in other 
statutes, although not with the same 
clean-cut rejection of balancing. For in- 
stance, the Clean Air Act requires the 
establishment of primary national ambi- 
ent air quality standards solely as a func- 
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tion of health risk. Considerations of 
economic or technological mfeasibility 
cannot be used in formulating these stan- 
dards (25). 

4) It is the Occupational Safety and 
Health Act that has been the main focus 
of the debate over balancing. Regulation 
un^'er this act raises very difficult ques- 
tions about the assessment and accept- 
ability of health risk, and the answers to 
the problems of low-level occupational 
exposure to toxic substances will influ- 
ence policies in many other areas. Sec- 
tion 6(b)(5) of the statute provides that 
standards must assure **to the extent 
feasible" that *no employee will suffer 
material impairment of health." The 
Courts of Appeal had interpreted the 
word "feasible" to require only that the 
technology existed and could be installed 
without destroying the industry. In 1974 
the D.C. Circuit ruled that standards 
were feasible even though they were 
financially burdensome to the employer 
and reduced his profit margin: even a 
standard that bankrupted some individ- 
ual employers could be feasible (26). But 
in a groundbreaking 1978 ruling on 
OSHA's benzene standard, the Fifth Cir- 
cuit endorsed cost-benefit balancing 
(27). It held that the benefits of a stan- 
dard must bear a "reasonable relation- 
ship" to Its costs, because the statutory 
definition of health standards as "pro- 
cesses reasonably necessary to provide 
safe or healthful employment" implied a 
balancing of costs and benefits. Howev- 
er, in other contexts the phrase "reason- 
abl\ necessary" only requires that the 
agency action bear a rational relationship 
to iliL statutory purpose (2<V). In 1979 the 
D C. Circuit upheld OSHA s cotton dust 
.standard and held that OSHA need not 
balance costs and benefits (29). 

When the benzene case reached \hc 
Supreme Court in 1980. the mam opinion 
avoided the issue of balancing Then in 
198! the court ruled in Amcm an IcUih 
Mafiujactunrs Institute (AhUI; that bal- 
ancing was inappropriate under its read- 
ing of the legislative history ol the Occu- 
pational Safety and Health Act. Fhe 
court held that Congress had performed 
balancing and intended to place "the 
'benefit' of worker health above all othei 
considerations save those making attain- 
ment of this benefit' unachievable. Any 
standard based on a balancing of costs 
and benefits by ihe Secretary that strikes 
a differeni balance than that struck b> 
Congress would be inconsistent with the 
command set forth in ^6(b)(5)"' iJO). 1 he 
court also held that interpretation of the 
phrase "reasonably ntvcssary" to re- 
quire balancing of costs and benefits 
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"would eviscerate the to the extent fea- 
sible requirement/* 

The court ruled that feasibility, not 
cost-benefit consideration, is the only 
factor that takes precedence over worker 
health. It defined feasible as * capable of 
being done." It refined the definition of 
economic feasibility, but still left some 
aspects uncertain. For instance OS HA 
conducted studies to estimate the cost of 
complying with the new standards and 
concluded that the cost would not seri- 
ously threaten the textile industry and 
that the industry would maintain **long- 
term profitability and competitiveness." 
The court refused to decide whether a 
standard that threatens this status is fea- 
sible. 

Obviously, an analysis of these eco- 
nomic questions requires estimates of 
costs. The precision needed for these 
estimates is not certain. In AI\fI, the 
cost studies were based on a hypotheti- 
cal dust standard that was less strict than 
the one actually adopted: thus the cost 
estimates were too low. The studies also 
overestimated the cost by miscalculating 
the amount of synthetic fibers used. 
OS HA claimed it could not generate 
more precise figures unless mdustry was 
willing to release proprietary data. It 
then assumed that the overestimate ol 
cost ror*:hly equaled the underestimate 
due to the hypothetical standard. The 
court admitted that a cost estmiate based 
on the actual standard surely would be 
preferable/' but held that the lower 
court had the powtM* to accept OSHA's 
estimate under the circumstances. The 
court concluded that OS HA **acted rea- 
sonably'* and that the U)wer court had 
not 'misapprehended or grossly misap- 
plied" the test for substantial evidence. 

The ATMI case should resolve the 
meaning of "to the extent feasible" foi 
this issue, but feasible has a ditVerent 
meaning in other contexts. The leasibil- 
ity of a standard, as just discussed, is not 
the same as the feasibility of vaiious 
methixis employed to achieve the stan- 
dard. 1wo Courts of Appeal implied that 
this provision necessitates a cost-elVec- 
tiveness analysis of possible solutions. 
Thus the employer might a^.oid expen- 
sive engineering controls by demonstrat- 
ing that they are not feasible because 
they are not cost-efVective iJI). In ATMI 
the Supreme Court noted that if two 
methods that achieved the same reduc- 
tion of health risk were both feasible, the 
more burdensome method might not be 
"reasonably necessary." So it appears 
that cost-efl'ectiveness is needed for 
OSHA standards. 

The ATMI decision also implied that 



the "reasonably necessary" language 
might require cost-benefit balancing for 
other hazards. The feasibility principle 
of section 6(b)(5) only reflects the intent 
of Congress to regulate toxic materials as 
much as possible, it does not necessarily 
apply to safety or noise standards, for 
example. Therefore standards in those 
areas might require ' some form of cost- 
benefit analysis.'" Again, the court did 
not decide this issue. 

However the problems are resolved, if 
balancing is to play a role in en\ ironmen- 
tal law. some attempt must he made to 
value human life and health. Society, 
cither implicitly or explicitly, places a 
dollar value on the preservation or sav- 
ing of a life. The most dramatic example 
Is the jury award. Juries make death 
awards in auto accidents, product liabil- 
ity suits, and medical malpractice cases. 
Statutory compensation systems such as 
the federal black lung disease program or 
state workers' compensation also put a 
price on injury or death. Legislative 
decisions to finance programs whose ef- 
fects are documented also value life be- 
cause they expect to save a certain num- 
ber of lives for a certain numbei of 
dollars. Examples are mobile cardiac 
emergency units and drinking water 
treatment plants (.?2). Human life is not 
the only aspect that is difficult to evalu- 
ate, and balancing under environmental 
statutes often in\ol\es comparing intan- 
gible costs and benefits, it is through 
balancing that the courts attempt to 
weigh such factors as scenic beauty, 
preservation of animal life, and quality of 
life 



Prospects for Risk Assessment 

There is no doubt that agencies and 
courts will continue to be iioiibled by 
risk questions. I he easiest administia- 
tive policy — eradication of risk to the 
greatest extent possible — has been de- 
clining in popularity as we have become 
aware of the finite nature of our re- 
sources. The costs of environmental reg- 
ulation seemed less burdensome at a 
time when the United States had greater 
economic advantages. Yet the calculus 
of risk involves basic values that will 
always be weighted dift'erently by ditVer- 
ent individuals. Decision-makers select a 
policy that implicitly weighs health, 
quality of life, economic opportunity, 
and environmental amenities. Consensus 
is almost impossible, yet we have no 
alternative but to seek increasingly ra- 
tional approaches {33). 

Risk-benefit assessment is still in de- 



velopment. Better methodology and bet- 
ter procedures in the agencies and courts 
are urgently needed. The distributive ef- 
fects of regulation (which groups are 
benefited and burdened by a policy), and 
the trade-offs between present and future 
generations should be considered, Re- 
cent articles have called for new proce- 
dures in policy-making: generic rule- 
making on transscientific issues, full dis- 
closure of the uncertainties contained in 
all risk decisions, and the use of perma- 
nent special masters to advise appellate 
courts in these cases {34). More accurate 
and just results may be possible in the 
future. 
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Resolution of scientific and technolog- 
ical controversies occupies an increas- 
ingly important position in the agenda of 
the federal courts. Government efforts to 
regulate problems related to technologi- 
cal advances have given rise to a new 
brand of litigation that focuses directly 
on issues debated among scientific ex- 
perts. Legislation to control environ- 
mental and health risks, such as the 
National Environmental Policy Act. the 
Clean Air Act. and the Toxic Substances 
Control Act. require decisions based on 
the "best scientific information" as well 
as relevant social and economic consid- 
erations. Science itself has become a 
focus of litigation as advances in biomed- 
ical science lead to controversial re- 
search and clinical practices that are 
challenged in the courts. Thus, scientists 
frequently called on to provide tech- 
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nical evidence in order to prove the 
rationality of administrative decisions or 
to establish the legitimacy of innovative 
research practices. 

The resulting surgo of science-related 
disputes into the jui .lal arena has pro 
duced a set of difficult and highly visible 
problems for the courts, and it is widely 
believed that the traditional processes of 
adjudication are no longer capable of 
handling many of these disputes. Intro- 
ducing a panel on science and the law at 
the 1978 annual meeting of the American 
Bar Association, a legal scholar re- 
marked (/): 

Traditional legal techniques, education and 
institutions, may soon be the same kind ol 
anachronism in an age of science-based tech- 
nology that canon law institutions became 
with the decline of temporal religious author- 
ity. . . . What may be required is a reform of 
existing structures which is no less compre- 
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2nd ser. 982. 988 (7th Cir.. 1980). citing Turnvt 
V Seiretory oj Labor. 561 Fed Rep.. 2nd ser. 
82 (7th Cir . 1977). KAfI Co \. Seiretarx oj 
labor. 594 Fed, Rep . 2nd ser. 566 (6th Cir . 
1979» requires ad hiK balancing to determine 
whether the means selected to meet the standard 
IS feasible 

32 For examples of the costs per life saved of these 
and other funding decisions, see W. Rodgers. 
Harvard Em iron Law Rc\ 4. 191 (1980). pp. 
194-195. 

33. Executive Order 12291. signed by President 
Reaga.) in early 1981. is intended, among other 
things, to "reduce the burdens of existing and 
future regulations, increase agency accountabil- 
ity for regulatory actions. ' with certain specific 
exclusions, through regulatory imnact analysis 
Such impact analysis should contain information 
on potential net benefits to mclude ' evaluation 
of effects that cannot be quantified m monetary 
terms" and the identification of distributional 
effects, 

34. T McGarity U7)\ D. L Bazelon. Snenn' 211. 
7^*2(1981). J Yellm. //*/ri 'urd Law Rex . 94. 489 
(1981). 

35 We wish to thank Patricia Dunne for her typing 
and proofing of the manuscript We are also 
grateful to Glenn Hilst. Chris Whipple, and 
Monte Zengerte for their helpful suggestions. 



hcnsive than the rcft^rn^s ih.it freed Anglo 
American law from the technicalities of writs 
and those that freed science from the grip of 
Aristotle. 

Some scholars have argued that scien- 
tific and technical disputes fall outside 
the limits of judicial competence and that 
courts should therefore be content with a 
greatly reduced role in such controver- 
sies, limiting themselves to reviewing the 
adequacy of procedures for collecting 
and analyzing scientific evidence Judge 
Ba/elon. for example, has suggested that 
courts reviewing actions of administra- 
tive agencies can do no more than verify 
that major technical issues are addressed 
in agency decision-making, that deci- 
sions are based on a consideration of all 
the relevant factors, and that ihe data 
and reasoning supporting administrative 
decisions are entered into the public rec- 
ord (2) Others seek a more substantive 
role for the courts, pointing out that it is 
virtually impossible in practice to avoid 
scientific and technical issues, because 
courts have to acquire some understand 
ing of the basis of agency decisions sim- 
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ply to evaluate the adequacy of the un- 
derlying administrattvc procedures (.?). 
Lawyers and scientists subscribing to 
this view have put forward a variety of 
proposals designed to increase the scien- 
tific competence of judicial decision- 
makers and provide better technical in- 
put into the judicial process. 

In this article we consider some recent 
litigation in an effort to understand why 
controversies with a large scientific or 
technical component seem to place an 
unusual burden on the adjudicatory 
process. These controversies fall into 
two major classes: 0) those in which 
ethical issues have been raised by scien- 
tific advances, particularly in the biologi- 
cal sciences, and (ii) those involving so- 
cietal risks and perceived deficiencies in 
the government's effort to mitigate these 
risks through regulatory action. In part, 
the problems encountered by the courts 
stem from the scale and complexity of 
the issues involved. A "good" decision 
is hard to reach without evaluating trade- 
offs whose ultimate consequences the 
courts are ill-equipped to consider in the 
framework of a conventional adjudica- 
tory proceeding. The high level of uncer- 
tainty involved in the regulation of scien- 
tific and technological developments 
compounds the difficulty . Disagreements 
exist about the magnitude of risk, the 
appropriateness of measuring tech- 
niques, and the reliability of data. Be- 
cause of its great visibility, the problem 
of technical uncertainty has become the 
main focus of proposals intended to miti- 
gate the difficulty of adjudicating scien 
tific and technical disputes. We have 
examined some of these proposed re- 
forms and conclude that they frequently 
concentrate oh the question of technical 
uncertainty to the exclusion of the con 
eeptual and policy issues at stake. 

Scientific Disputes That Strain the 
Adjudicatory Pr<>cess 

Theoretical and technical advances, 
especially in the biological sciences, 
have made possible clinical applic<ttions 
and research procedures that are conlro- 
versial on religiiMis or moral grounds. 
Activities such as fetal research, in vitro 
fertilization, resuscitation of teiniinally 
ill patients, and the creation of living 
microorganisms through recombinant 
DNA techniques are peiceived by some 
as having the potential 10 change the 
"normal" state of naiore. alter the ge- 
netic structure of man. threaten cher- 
ished values, or even violate natural 
law. Opposition frequently ciystaili/es 
around particular applications of such 



research as attempts are made case-by- 
case to define limits through administra- 
tive appeals and. increasingly, through 
htigation. Opponents of particular appli- 
cations seek judicial support for their 
moral or religious positions by invoking 
the traditional power of the courts to 
prevent or compensate for injurious ac- 
tivity. 

In this kind of litigation the conflicting 
values that underlie a dispute are often 
masked by scientific i*>ues. and the 
dynamics of adversary litigation seldom 
permit a separation or clear identifica- 
tion of the values at stake. This is what 
happened, for example, in the Del Zio 
case, in which a plaintiff sued Columbia 
University. Presbyterian Hospital, and 
the chairman of Columbia's department 
of obstetrics for refusing her permission 
to undergo a voluntary in vitro fertiliza- 
tion procedure. During the trial, the 
qualifications and scientific credentials 
of doctors who had agreed to perform 
the procedure became the subject of 
debate. Attention was focused not only 
on their past performance as researchers 
but also on particular technical deci- 
sions, such as the use of temperature 
charts to determine the time of ovulation 
and of test tubes rather than petri dishes 
for fertilization. Kelativety little atten- 
tion vvas paid to what some have seen as 
the basic issue in the ease, the conflict 
between Mrs. Del Zio s desire to have a 
baby, even with the aid of controversial 
scientific techniques, and Columbia Uni- 
versity's prior agreement with the feder 
al government not to permit human ex- 
perimentation without adequate review 
U). The litigation reduced the ethical 
issues involved in in vitro fertilization to 
a debate about what constitutes compe 
tent clinical work. This is ironic in view 
of the fact that adjudication is probably 
far better suited to weighing competing 
values and interests than to settling dis- 
putes among scientific experts. 

A similar blurring of scientific, social, 
and moral concerns is ev ident in many of 
the 'right to die" cases that are making 
their way into the courts. That courts 
have a legitimate role to play in this area 
is apparent from a careful reading of the 
Massachusetts Supreme Judicial Court's 
decision in the case of the Superinten- 
dent oj Hehhertown State School v 
Saikewuz <5). Here, the plaintifl' vvas a 
67-year-old. severely retarded man suf- 
fering from a fatal form of leukemia The 
issue before the court was whether life- 
prolonging treatment should be adminis- 
tered to .Saikcwicz. Chemotherapy, the 
treatment routinely available to and ac- 
cepted by most competent persons with 



the same disease, could have led to a 
remission lasting up to 13 months. The 
judges decided, after balancing the fac- 
tors for and against treatment, that the 
plaintifi*. acting through his guardian ad 
litem, could properly refuse such proce- 
dures. The central question in the case 
concerned the extent of an incompetent 
person's right to refuse life-prolonging 
treatment, taking into consideration the 
state's countervailing interest in preserv- 
ing human life by any available means. 
Whatever one thinks of the particular 
balance struck by the court, it must be 
recognized that the weighing of compet- 
ing interests carried out in this case 
constituted an appropriate functioning of 
the adjudicatory process. 

Most "right to die " cases that reach 
the courts present considerably less 
clear-cut issues for adjudication. Typi- 
cally, these cases arise when physicians 
refuse to discontinue treatment of termi- 
nally ill patients until they are assured by 
a court of law that the decision may be 
taken without fear of prosecution. Judi- 
cial approval is sought even though both 
the doctors and the patients' representa- 
tives agree from the outset that further 
treatment would be futile. One result is 
that the courts are converted into forums 
where litigants seek to cstabi ►h the 
meaning of death in scientific terms. 
Moreover, it has been argued that resort 
to the courts in these cases is socially 
destructive, because court-ordered im- 
munity from prosecution in e fleet per- 
mits tfic medical profession to escape the 
responsibility it should assume in making 
life or death decisions (6). 

No doubt the existence of legally valid 
definitions of life and death would make 
such decisions considerably less painful 
for doctors and for the fanulies of pa- 
tients, but It IS questionable whether 
litigation is an appropriate avenue for 
establishing such definitions. For one 
thing, it would be unreasonable to expect 
sporadic litigation to aid the develop- 
ment of generally recognized biological 
criferia for defining concepts such as 
brain death. A scientific consensus could 
only be reached if the medscal communi- 
ty worked actively toward establishing 
such criteria and ratified them through 
consistent professional practice. There is 
every indication that the courts would 
respect the results of such an effort and 
would not compel treatment beytmd a 
point where responsible medical opinion 
would declare the use of life-prolonging 
techK-qucs to be useless (6). However, 
until i consensus exists, it is perhaps 
inevitable that a certain number of life- 
termination decisiopA will be challenged 
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in the courts. In the meantime, by seek- 
ing protection against the threat of law- 
suits, doctors may actually delay the 
attainment of a scientific consensus. 

With respect to the ethical issues, al- 
though moral, swial. or religious scru- 
ples may underlie the pi)sitions adopted 
by parties to a lawsuit, the technical 
rules of litigation virtually ensure that 
these will not themselves become the 
subject of courtroom debate. Most 
"right to die" cases essentially ignore 
the social or religious aspects of dying 
and focus instead on the technical defini- 
tions of death. In the Del Zio case, the 
social and ethical questions related to in 
vitro feitilization did not surface during 
litigation. Similarly, in the recent contro- 
versy over the patentability of living 
microorganisms, legal arguments have 
necessarily focused on the intended cov- 
erage of the patent laws and the distinc- 
tion between an invention and a living 
organism, not on the morality of extend- 
ing the concept of proprietary rights to 
the creation and commercial use of new 
life forms (7), 

Technological developments in areas 
outside the biological sciences do not 
directly interfere with the processes of 
life and death, but frequently pose risks 
to human health. safet> . and welfare that 
generate controversies Environmental 
groups «»nd individuals have increasingl> 
turned to litigation to prevent or mini- 
mize such risks, but for a variet> of 
reasons this t>pe of litigation strains the 
adjudicatory process almost to the 
breaking point. 

To begin with, such cases give rise 
to problems that have little to do with 
their scientific or technical dimensions. 
Courts are confronted with voluminous 
records and lengthy procedural wran- 
glings. just as they are in large antitrust 
cases or other litigation involving major 
corporate entities and multiple parties. 
The special flavor of recent technolog>- 
relatcd litigation, however, derives from 
its unique policy context Government 
regulation of major technologies has to 
take into account a conflicting array of 
scientific, social, and economic consid- 
erations and of public and private inter- 
ests The trade-otVs considered in the 
course of regulation are so complex that 
industry, private citizens, and special 
interest groups all find .-mple opportuni- 
ty to raise questions about tiie scientific 
or technical validity and procedural fair- 
ness of individual decisions, as well as 
the underlying social values they seem to 
represent. Litigation growing out of this 
context takes many forms. Exposure 
limits "or particular toxic substances. 
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siting decisions and the environmental 
impact statements they are based on. 
methodologies such as cost-benefit anal- 
ysis used to evaluate trade-ofTs. are all 
subject to challenge in the couns. And 
when technological failures occur, as at 
Love Canal or Three Mile Island, numci- 
ous and varied claims arc filed against 
public and private entities by persons 
seeking compensation. 

In the American legal system, basic 
rules of adjudication, such as those for 
determining standing or for assigning li- 
ability, have hr^ely evolved out of a 
framework of two-pany litigation. I'hese 
procedures tend to break down in mod- 
ern technology-related litigation, where 
the complexity of the issues makes it 
difficult to determine precisely who 
those alTected are. how they have been 
injured, and by what agency. Liability is 
hard to apportion because of the confu- 
sion of public and private responsibility 
in the management of large technological 
enterprises. In the welter of facts, as- 
sumptions, and values represented in 
such litigation, it i< almost impossible for 
judges to perform the painstaking analy- 
sis and bakncing of conflicting values 
appropriate to the adjudicatory process. 

The conceptual difficulties created for 
the courts by scientific and technical 
controversies are mirrored in the novel 
legal theories developed by the plaintiffs. 
For example, demonstrators at nuclear 
power plant sites have attempted to de- 
fend themselves ag^Mnst trespass charges 
by resurrecting the old "lesser of two 
evils" doctrine. In the course of judicial 
proceedings they have argued, with oc- 
casional success, that the crime of tics- 
passing is less evil than the dangers of 
nuclear power and that trespassing is 
therefore justified as a means of drama- 
tizing the greater evil. By invoking suth 
a defense, litigants seek to ensure that 
some discussion of values will be injcLi- 
ed into an otherwise routine proceeding 
for dealing with a minor infraction of the 
law. In another example, opposition to 
the use of nuclear energy resulted in 
nothing less than a "lawsuit to end atom- 
ic power." In lionkkcr v. Ilvndru ^ the 
plaintiff's lawyers prepared a brief argu- 
ing that the harmful effects of ioni/ing 
radiation justify closing down all nuck.ir 
fuel cycle operations immediately (<V). 
Legal support for this position was de- 
rived from an array of national and inter- 
national sources of law. principles adopt- 
ed during the Nuremberg trials, cove- 
nants of the United Nations, provisions 
of the U.S. Constitution. As a social 
manifesto, and even as an indictment of 
nuclear power, the resulting document 
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makes fascinating reading, but one does 
not have to engage in sophisticated legal 
reasoning to see why it coMid not carry 
the da^ in court. In its audacious reliance 
on litigation to effect large-scale social 
change, the Honukvt case drastically, 
and perhaps intentionally, overstepped 
the dividing line between aJjudicatton 
and policy-making. Not unexpectedly, 
the Supreme Court rejected Monicker's 
petition against the Nuclcat Regulatory 
Commission without comment, reaffirm- 
ing Its eariier. constitutionally based 
judgment that a policy decision concern- 
ing nuclear power must ultimately be left 
to Congress and the slates. 

KvidcnHary Problems 

The strains created by litigants wish- 
ing to compel policy formulation through 
the adjudicatory process are compound- 
ed by the uncertainty that pervades sci- 
entific and technological controversies. 
Efforts by the governiTjent to prevent or 
reduce harm from scientific and techno- 
logical activities require decisions to be 
made at the frontiers of scientific knowl- 
edge, often on the basis of incomplete 
evidence. Challenges to these decisions 
bring into the courts disputes concerning 
the quality and interpretation of data that 
cannot be rcu)lved definitively on the 
basis of current scientific knowledge. 
Examples of su'*h questions abound. 
What IS a "safe" standard for human 
expv^sure to low -lev el radi.it ion 7 How 
can data from animal toxicity tests be 
extrapolated to human beings ] How 
does noise affect human health and well- 
being' 

Although issues like these arc fre- 
quently raised m litigation, it is impor- 
tant to recogni/e thai courts reviewing 
administrative decisions dealing with 
such questions are not themselves m the 
business of coming un ^ith the ' right" 
answer. It is not the correctness of the 
decision that is at issue, but the substan- 
tive and procedural adequacy of the rec- 
ord that supports it. The major function 
of the court is thus to ensure that the 
decision-making body . usually a federal 
regulatory agency, has not engaged in 
"arbitrary and capriLious" action (V) and 
that due process has been afforded to all 
parties. 

BasiL authority to develop a scientific 
record and to make the necessary tactual 
determinations in such cas';\ is lodged in 
the administrative agency, which has at 
Its disposal powert'ul procedures tor gen- 
erating evidence. As Judge Ba/elon 
commented in reviewing the Atonuc En- 
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ergy Commission's rule-making process 
on nuclear waste disposal HO): 

Many procedural devices for creating a genu- 
ine dialogue on ihese issues were available lo 
ihe agency— including informal conferences 
between intervenors and siaff, documeni dis- 
covery, inicrrogaiorics. technical advisory 
committees comprised of ouiside experts wiih 
differing perspectives, hmiied cross-examina- 
tion, funding independent research by mter- 
venors. detailed annutaiion of icchnical re- 
ports, surveys of exisnng Ineralure. memo- 
randa explaining methodology. 

The role of the court is not to dictate the 
choice of particular procedures, but to 
make sure that the agency uses all (he 
means at its disposal to generate a full 
record of relevant facts in support of its 
regulatory decision. Although it may of- 
ten be difficult for the courts to deter- 
mine what facts are most relevant and 
whether a "genuine dialogue" has been 
created by the agency, it seems cleai that 
the reviewing court does not need inde- 
pendent access to the same fact-finding 
mechanisms that are available to the 
agency. 

Too great an emphasis on the uncer- 
tainty of technological impacts can lead 
both scientists and regulators to recom- 
mend inaction, pending the development 
of better evidence of risk and causation. 
But decisions to protect human health 
and welfare need not invariably depend 
on scientific pioof of harm. It is possible 
to obtain relief at common law from 
odors, noise, and other nuisances even 
when their effects on health or well-being 
are not scientifically well understood. 
The California Supreme Court recog- 
nized this last year in upholding an 
award of damages for distress caused by 
airport noise. Compensation was ap- 
proved for "a sense or feeling of annoy- 
ance, strain, worry, anger, frustration, 
nervousness, fear, and irritability" pro- 
duced in neighbors of the airport (//). By 
refusing to insist on medical evidence 
that exposure to noise causes ill health, 
the court confirmed that, at least in cases 
involving demonstrable harm Trom tech- 
nological enterprises, a scientific ratio- 
nale does not have to be provided to 
justify relief. In this case, judicial power 
was exercised to prevent an adjudgeable 
conflict over values from being convert- 
ed into a scientific dilemma. 

However, the element of technical and 
scientific uncertainty often seems to en- 
courage litigants to translate questions of 
social value into a technical discourse. It 
is assumed that the resolution of uncer- 
tainty will automatically clarify social 
choices and resolve value conflicts relat- 
ed to scientific and technological ad- 
id 
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vances. Thus recommendations for im- 
proving the adjudication of scientific or 
technical disputes focus more and mi re 
on the technical competence of ^he 
courts 



Some Proposed Reforms 

The courts face a diversity of prob- 
lems as they aie drawn into the resolu- 
tion of problems related to scientific and 
technological advances. Technical un- 
certainty, a diversity of regulatory poli- 
cies, and a complex array of social, 
moral, and religious questions compli- 
cate the judicial •'esolution of such dis- 
putes. Yet almost all recent proposals for 
judicial reform are narrowly directed to- 
ward improving the scientific literacy of 
lawyers and judges and clarifying tech. il- 
eal information used as a basis for judi- 
cial decisions. 

Proposals to enhance the technical 
competence of the courts range from 
those suggesting basic changes in the 
adjudicatory process to those calling for 
the introduction of scientific advisory 
and mining programs. It has been ar- 
gued that the structure of litigation 
should be changed to recognize the cru- 
cial role of expertise; that because tech- 
nical knowledge is necessary to evaluate 
risks and technical causation, interaction 
between lawyers and experts should take 
place at every stage in the process of 
litigation.The authors of one proposal for 
reform, in the area of product liability, 
seek a **seriated" trial format in which 
the question of technical causation 
would be debated before any claim for 
damages is considered. This would allow 
the theory of liability to develop consist- 
ently with an ''expert" evaluation of the 
technical data: the intention is to make 
the litigation process "more responsive 
to technological realities" (/2). 

In another call for structural change. 
Judge Leventhal proposed setting up a 
cadre of scientific experts who would act 
as aides to appellate judges, helping 
them to understand problems of scien- 
tific methodology and to assess substan- 
tive data H3). More extreme reformers 
would establish a system of special 
courts equipped to deal with technical 
matters and run by expert judges able to 
deal with questions of statistical reliabil- 
ity and the performance of complex tech- 
nologies {14). 

Other suggestions for improving the 
ability of the courts to deal with techni- 
cal information include the appointment 
of science advisers and special masters 
or changes in the training of lawyers, 
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judges, and their clerks. Special masters 
or science advisers would be set up in ad 
hoc positions, depending on the need for 
special experti.-je. One proposal would 
extend a system now used in the Court of 
Customs and Patent Appeals to all the 
federal courts, buttressing them with a 
staff of technical advisers trained in both 
science and ihe law In effect, all 
these recommendations would equip the 
courts with sufficient expertise to con- 
sider scientific and technical claims more 
intelligently. 

Such attempts to improve the compe- 
tence of the courts, however, do not 
confront a common problem, namely, 
that the technical evidence presented for 
consideratlDH is often inader/»^»te, con- 
fused, and controversial. Accordingly, 
proposals have also been developed for 
clarifying technical issues and scientific 
arguments before they enter the courts. 
Their object is to create a scientifically 
sound basis tor decisions, to develop 
criteria by which to assess the adequacy 
and competence of information, and to 
arrive at a consensus on controversial 
technical questions that represents the 
best judgment of the scientific communi- 
ty- 

The science court, a well-publicized 
proposal for dealing with technical dis* 
putes, was intended as an adversary fo- 
rum in which scientists with different 
views on controversial issues would ar- 
gue in structured debates before unbi- 
ased scientific judges. Debate would be 
limited to questions of fact: judges would 
give opinions only on factual matters, 
leaving social value questions for the 
political or traditional k^'^l arena. It was 
assumed, however, (hat the opinions of 
these judges would be authoritative 
enough to provide a basis for adjudica- 
tory decisions. Indeed, proponents of 
the science court claimed that this proce- 
dure would make it possible "to find 
truth among the conflicting claims made 
by sophisticated advocates when there is 
serious controversy within the techno- 
logical community" (/6). Similar beliefs 
have generated calls for a "technological 
magistrature" and for a new profession 
of "certified public scientists" who 
would make independent technical eval- 
uations of scientific disputes (/7). 

Alternatively, legal scholars have pro- 
posed a systematic use of scientific bod- 
ies, such as the National Academy of 
Sciences, to resolve controversial tech- 
nical questions. Their scientific findings 
and risk assessments would serve as a 
basis for judicial decisions. 

A somewhat different approach, but 
one also intended to improve the techni- 
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ca! information available to the courts, 
seeks to accommodate technical uncer- 
tainty rather than resolve it. Advocates 
of this approach stress that uncertainty 
requires open ventilation of the differ- 
ences in expert opinion. For example, 
the decision in Calvert Cliffs' Coordinat- 
ing Committee. Inc. v. United States 
Atomic Energy Commission pointed out 
that poorly financed intervenors may 
lack the wherewithal to marshal techni- 
cal evidence and thus be at a disadvan- 
tage in administiattve proceedings and in 
the courts (18). The problem could be 
ameliorated by distributing resources so 
as to allow all sides to air their concerns 
and to present expert data in support of 
their positions. Measures for promoting 
this include the funding of technical in- 
tervenors and the distribution of scien- 
tific resources to citizen groups. 



Analysis 

Are such reforms likely to resolve the 
problem of judicial competence? Will 
they enhance the ability of the courts to 
deal with the characteristics of science 
and technology that have strained the 
adjudicatory process? Although the pro- 
posals described above would certainly 
improve the technical competence of the 
courts, we believe that they hold little 
promise of solving the more basic prob- 
lems involved in scientific and techno- 
logical litigation. 

We have suggested that advances in 
science and technology, especially in the 
biological sciences, have created new 
conceptual problems that cannot be re- 
solved by analogy to existing legal prece- 
dents. Proposals to enhance technical 
competence do not confront these new 
problems. Furthermore, proposals that 
seek to develop factual justification for 
ethical decisions often represent an ex- 
tension of scientific rationality to inap- 
propriate areas. In an effort to provide 
legitimacy for judicial decisions, scien- 
tific data are used to resolve questions 
that have little to do with science at all. 
Questions of aesthetics, of human digni- 
ty, and of religious belief underiie many 
allegedly scientific disputes. Practices 
such as involuntary sterilization or fetal 
research threaten what Tribe {19) has 
called ''fragile values**— values that are 
nonquantifiabie. intangible, resistant to 



categorization. The empirical or logical 
deductive methods of science have little 
to do with such issues and may even 
"squeeze out'* important values by sub- 
jecting them to precise definition. In 
such cases, using science to resolve dis- 
putes will not satisfy the parties in- 
volved . 

Some proposals also seem to ignore 
the fact that the technical uncertainty 
underiying many disputes is genuine; in 
many cases the evidentiary basis for 
definitive resolution simply does not ex- 
ist. In these cases, scientists operate less 
as neutral parties than as advocate^, 
providing evidence on both sides of tech- 
nical disputes. Proposals that enhance 
the role of scientists in adjudicatory pro- 
cedures may bring areas of technical 
disagreement into sharper focus, but will 
not necessarily lead to resolution. 

The use of expert forums in settling 
legal disputes can be questioned from 
still another perspective. The belief that 
scientific expertise is inherently re- 
moved from value considerations and 
that scientists are therefore political celi- 
bates is an anachronistic and even dan- 
gerous one. Expert forums may limit the 
role of dissent by giving a dominant 
place to establishment views on contro- 
versial topics. Such consensus-building 
procedures may also perpetuate miscon- 
ceptions about the relation between facts 
and values in controversial areas where 
questions of value are difficult to distin- 
guish from questions of fact. Further- 
more, the need for urgent action in con- 
troversial areas may lead to undue reli- 
ance on expert opinion. When policy- 
makers and the courts need quick 
answers, tentative scientific judgments 
may be treated as definitive conclusions 
and the qualifications intended by scien- 
tists may be lost {20). 

In the end. proposals to bolster judi- 
cial competence in technical areas fall 
short, for the problems faced by the 
courts in dealing with controversies in 
these areas cannot be attributed simply 
to lack of judicial expertise. They also 
reflect the failure of the policy process to 
recognize fully the public and multifac- 
eted character of modern scientific and 
technological development. In the ab- 
sence of controlling policy principles, 
broad questions that follow from scien- 
tific and technological activities will con- 
tinue to reach the courts in the artificial 
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guise of two-party adversarial litigation. 
Equipping the courts with scientific and 
technical support may facilitate the adju- 
dication of these issues; however, it may 
also divert attention from the public re- 
sponsibility for major policy decisions 
and encourage the conversion of moral 
and political questions into technical de- 
bates among experts. As our :>trongest 
institution for defending fragile values, 
the courts should guard against such 
overextension of scientific expertise. 
However, the fundamental choices in- 
volved are not simply matters to be 
resolved by adjudication; they call for 
setting priorities and evaluating the pub- 
lic will, clearly a political, not a judicial, 
role. 
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Each year the hazards associated with 
technology lead to illness and death, as 
well as varying environmental, social, 
and economic impacts; these effects cor* 
respond to a significant fraction of the 
gross national product (/, 2). Despite the 
burden imposed by technological haz- 
ards and the broad regulatory effort de- 
voted to their control, there have been 
few studies comparing the nature of 
technological hazards in terms of generic 
characteristics. Most investigators have 
produced case studies (J), comparative 
risk assessments of alternative technolo- 
gies W, 5). comparative lists of hazard 
consequences (6, 7). or comparative 
costs of reducing loss (8-10). 

A first step in ordering the domain of 
hazards should classification. Today 
technological hazards are classified by 
the source (automotive emissions;, use 
(medical x-rays), potential for harm (ex- 
plosions), population exposed (asbestos 
workers), environmental pathways (air 
pollution), or varied consequences (can- 
cer, property loss). One scheme is cho- 
sen, usually as a function of historical or 
professional choice and the relevant reg- 
ulatory organizations, even though most 
technological hazards fall into several 
categories. For example, a specific 
chemical may be a toxic substance, a 
consumer product, an air or land pollut- 
ant, a threat to worker health, or a 
prescription drug. Indeed, a major 
achievement has been the cross-listing of 
several of these domains of hazardous 
substances •*>y the»r environmental path- 
ways (//). 

We have sought to identify common 
differentiating characteristics of techno- 
logical hazards in order to simplify anal- 
ysis and management of them. Techno- 
logical hazards may be thought of as 
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involving potentially harmful releases of 
energy and materials. We characterized 
the stages of hazard causation by 12 
physical, biological, and social descrip- 
tors that can be measured quantitatively; 
we then scored 93 technological hazards 
and analyzed the structure of correla- 
tions among them. In this article we 
present a highly condensed account o^ 
our analysis (12). 



Measures of Hazardousness 

We should first distinguish between 
the terms hazard and risk. Hazards are 
threats to humans and what they value, 
whereas risks are quantitative measures 
of hazard consequences that can be ex- 
pressed as conditional probabilities of 
experiencing harm. Thus, we think of 
automobile usage as a hazard but say 
that the lifetime risk of dying in an auto 
accident is 2 to 3 percent of all ways of 
dying. 

We conceive of technological hazards 
as a sequence of causally connected 
events leading from human needs and 
wants to the selection of a technology, to 



the possible release of materials and en- 
ergy, to human exposure, and eventually 
to harmful consequences (Fig. 1). To 
diflFerentiate among types of hazards, we 
defined 12 measures for individual haz- 
ards and applied them to the appropriate 
stage in this chain. We selected descrip- 
tors (Fig. 1 and Table 1) that would be 
applicable to all technological hazards, 
comprehensible to ordinary people, and 
could be expressed by common units or 
distinctions. 

One variable describes the degree to 
which hazards are intentional, four char- 
acterize the release of energy and materi- 
als, two deal with exposure, and five 
apply to consequences (Fig. 1). Only one 
descnptor, annua] human mortality, is 
closely related to the traditional idea of 
risk as the probability of dying; the oth- 
ers considerably expand and delineate 
the quality of hazardousness. Four de- 
scriptors require categorical distinctions 
and eight use logarithmic scales (Table 
1). Logarithmic scales are practical for 
cases where successive occurrences 
range over a factor of 10 or more in 
magnitude and where estimated errors 
easily differ by the same amount. Loga- 
rithmic scales may also match human 
perception better than linear scales, as 
seen by the success of the decibel scale 
for sound intensity and the Richter scale 
for earthquake intensity. 

Hazards were selected from a variety 
of sources (i, 8, 13) and, after scoring, 
were found to be well distributed on the 
12 scales (Fig. 2). Where appropriate, 
hazards were scored by reference to the 
scientific literature. Many cases were 
discussed by two or more individuals, or 
referred to specialists for clarification. 
When the results of this scoring were 



Direction of causal sec, enc 



Human 
needs 




Human 
wants 




Choice of 
technology 







Release of 



or energy 



Exposure to 
materials 
or energy 



Human and 
biological 
consequences 



Hazard 
descriptors 



1. Intenticnality 2. Spatial 
extent 



6 Population 
at risk 



3. Concentra- 7. Delay of 

tion consequence 

4. Persistence 

5. Recurrence 



8. Annual 

mortality 

9. Maximum 

potentially 
killed 

10. Transgenera' 

tional 

11. Nonhuman 

mortality 
(potential) 

12. Nonhuman 

mortality 
(experienced) 



Fig. 1. Causal structure of technological hazards illustrated by a simplified causal sequence. 
Hazard descriptors used for classifying hazards are shown below the stage to which they apply. 
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Table I. Hazard descriptor scales. 



Technology descriptor 

1. Intentionality. Measun s the decree to which technology is intendea \o harra by a 
categorical scale: 3, not imerdcu to harm Hving organisms; 6. mtended f arm nonhurtan hving 
organisms; 9, intended to ^arm humans. 

Release descriptors 

2. Spatial extent. Measures the maximum distance over which a single event has significant 
impact on a logarithmic scale, I < j < 9. where s = iog,o d + I rounded to the nearest positive 
integer, and d is the distance in meters. 

3. Concentration. Measures the concentration of released energy or materials re'ative to 
namral background on a logarithir-c ^cale, ! < j < 8. For materials and nonthermal radiation 
5 - logio /? + 2 rounded tothe nea^-cst positive imeger where R Is the average concentration of 
release divided by the background concentration. For mechanical energy, s = log: a + 0.68 
rounded to the nearest positive integer where a u the acceleration to which individual are 
exposed measured in units of the acceleration of gravity. For thermal energy, s = log>/ + 0.68 
rounded to the nearest positive integer where/is the thermal flux expressed in units of the solar 
flux. 

4. Persistence. Measures the time over which a release remains a significant threat lo humans 
on a logarithmic scale, I < j < 9, with 5 = log,o / + 1 rounded to the nearest positive integer 
where / is the time measured in minutes. 

5. Recurrence. Measures the mean time interval between releases above a minimum 
significant level on a logarithmic scale idenucal to that used for persistence. 

Exposure descriptors 

6. Population at risk. Measures the number of people in the United States potentially 
exposed to the hazard on a logarithmic scale, 1 < j < 9, with ^ = log,o P rounded to the 
nearest integer where P is the population. 

7. Delay. Measures the delay time between exposure to ihe hazard release and the 
occurrenv of consequences on the logarithmic scale defined for persistence. 

Consequence descriptors 

8. Human mortality (annual). Measures average annual deaths In the ^ :d States due to the 
hazard on the logarithmic scale defined for population at risk. 

9. Human mor'alhy (maximum). Measures the maximum credible number of deaths in a 
single event on the logarithmic scale defined for population at risk. 

10. Transgencrational. Measures the number of f-.. ire generations at risk from the hazard on 
a catcgoncal scale: 3, hazard affects the exposed generation only: 6, hazard affects children of 
the exposed generation and no others; 9, hazard affects more than one future generation. 

11. Nonhuman mortality (potential). Measures the maximum potential nonhuman mortality 
on a categorical scale: 3, no potential nonhuman mortality; 6. significant potential nonhuman 
moitality; 9 potential or experienced species extinction. 

12. Nonhuman mortality (experienced). Measures nonhuman mortality that has actually 
been cxpcnenccd on a categorical scale: 3, no experienced nonhuman mortality: 6. significant 
cxpcnenced nonhuman mortality; 9. experienced species extinction. 



Table 2. Factor structure. Factor loadings are the result of vanmax rotation (20). 



Factor 



Variance 
explained 



Hazard descriptors 



Name 



Factor 
loading 



Biocidal 



Delay 



Catastrophic 

Mortality 
Global 

Residual 



0.21 



0.21 



0.18 

0.11 
0.11 



Nonhuman mortality (experienced) 

Nonhuman mortality (potential) 

Intentionality 

Persistence 

Delay 

Transgencrational effects 
Recurrence 

Human mortality (maximum) 
Human mortality (annual) 
Population at risk 
Concentration 
Spatial extent 



0.87 
0.79 
0.81 

0.81 
0.85 
0.84 

0.91 
0.89 
0.85 
0.73 
-0.73 



checked for consistency, changes of I or 
2 points were made in 8 percent of the 
scores and 3 points or more in a few 
scores (< I percent). We therefore be- 
lieve replicability to be within ± 1 scale 
point in most cases. 



Hazard Classification 

Many investigators have developed 
descriptive classifications of technologi- 
cal hazards (14-19). Though mindful of 
this work, we based our classification 



entirely on the causal stmcture dcbcrip- 
ton> defined in Table 1. 

Energy versus materials hazards. A 
simple, but significant, distinction is the 
division of hazards into those resuming 
from energy releases and those from 
materials releases. Comparison of 33 en- 
ergy hazards and 60 materials hazards 
reveals four striking differences (12). (i) 
Energy rele-ises persist for short-periods, 
averaging Itss than a minute; materials 
releases persist on the average for a 
week or more, (ii) Energy hazards have 
immediate consequences, with expo- 
sure-consequence delays of less than a 
minute; materials hazards have expo- 
sure consequence delays averaging 1 
month, (iii) Energy hazards have only 
minor transgencrational effects; materi- 
als hazards affect on the average one 
future generation, (iv) Energy hazards 
have little potential nonhuman mortality; 
materials hazards significantly affect po- 
tential nonhuman mortality. 

Reducing the ntimber of dimensions. 
In addition to simple division of hazards 
by release class, we explored the extent 
to which hazards may be grouped ac- 
cording to causal structure. Using princi- 
pal component factors analysis (20), we 
derived five orthogonal composite di- 
mensions (factors) that account for 81 
percent of the variance of the sample. 
This means that the causal structure of 
each of the 93 hazards, and probably 
others to be scored in the future, can be 
described by five variables, rather than 
by 12. 

The relation of the derived factors to 
the original set of descriptors is summa- 
rized in Table 2. The names given to the 
factors — biocidal. delay, catastrophic, 
mortality, and global — are intended to 
aid the intuition and are related to the 
descriptors that define each factor. The 
first four factors use descriptors whose 
scores increase as the factor increases 
(positive factor loadings), but the factor 
global is different. Because of negative 
loading of concentration, hazards scor- 
ing highest on global are high in popula- 
tionat risk and low in concentration (that 
is. diffuse) (Table 2). The factor global 
thus defines a special combination of 
hazardousness with widespread expo- 
sure and a concentration of release that 
is modest with respect to background. 

Several tests indicate that the factor 
structure does not change significantly 
when hazards are added and deleted 
from the sample, or when scoring 
changes comparable to the estimated 
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Transgeneratlonal 



Nonhuman 
mortality 
(poten- 
tial) 
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10 



10 



5 10 5 

Descriptor score 
Fig. 2. Descriptor frequency distributions for 93 hazards. 
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scoring errors are made. Thus an initially 
chosen set of 66 hazards yielded the 
same factor structure as the final 93; 
changing 10 percent of the scores by I to 
3 scale points had no significant effect. 
Furthermore, removal of 24 hazards with 
the most extreme factor scores produced 
only minor changes in factor structure, 
an unexpected finding since extreme 
scores often dominate the analysis. 

Scores of the 93 hazards and the de- 
rived factor structure are summarized in 
Table 3. Individual descriptor scores 
have been grouped by factor into a 12- 
digit descriptor code, and extreme 
scores on each factor have been identi- 
fied through a five digit factor code, with 
the use of truncated factor scores (/2). 

Inspection of Table 3 permits quick 
identification of dimensions that domi- 
nate hazardousness in specific cases. 
For example, commercial aviation 
(crashes) is high in the catastrophic fac- 
tor and nondistinctive in the other four; 
power mower accidents are extreme in 
none of the five factors; nuclear war 
(radiation effects) is extreme in four. 

The results of the coding in Table 3 led 
naturally to a seven-class taxonomy with 
three major groupings (Table 4). The first 
major group, multiple extreme hazards, 
includes cases with extreme scores m 
two or more factors; the second, ex- 
treme hazards, has cases with extreme 



scores on one factor; the third group, 
hazards, contains al! the other cases. 
The group into which a hazard falls de- 
pends, of course, on the cutoff for the 
designation extreme. Although the loca- 
tion of the cutoff is ultimately a policy 
question, our preliminary definition is 
arbitrary {21). 

How appropriate and useful is our 
approach to hazard classification? To 
succeed it must describe the essential 
elements that make specific hazards 
threatening to humans and what they 
value, reflect the concerns of society, 
and offer new tools for managing haz- 
ards. On the first point, we invite the 
review and evaluation of specialists; on 
the second and third pv^nts, we have 
additional evidence that ve discuss be- 
low. 



Comparing Perceptions 

Although the scores for 93 hazards are 
the result of judgments, we relied on 
explicit methods, a scientific framework, 
and deliberate efforts to control bias. 
These attributes are not necessarily part 
of the judgments made by the general 
public. Indeed many scientists believe 
that lay judgments about hazards vary 
widely from scientifically derived judg- 
ments (22). 



Because policies governing various 
types of hazards are determined to a 
large extent by people who are not scien- 
tists or hazard assessment experts, it is 
important to know whether lay people 
are able to understand and judge our 
hazard descriptors and whether these 
descriptors capture their concerns. The 
results of a pilot study that we conducted 
with 34 college-educated people (24 men 
and 10 women, mean age 24) living in 
Eugene, Oregon, are interesting. 

To test the perceptions of these people 
we created nontechnical definitions and 
simple scoring instructions for the causal 
descriptors of hazards and asked the 
subjects to score our sample of 93 haz- 
ards (12). After an initial trial, concentra- 
tion was judged to be too difficult for our 

spondents to score. For similar rea- 
iOns, 12 of the less familiar hazards were 
omitted. The subjects then scored 81 
hazards on 11 measures from our in- 
structions and their general knowledge, 
reasoning, and intuition. 

The results indicate reasonably high 
correlations between the scores derived 
from the scientific literature and the 
mean judgments of our lay sample 
(r = .65 to .96) (12). But despite these 
high correlation coefficients (Fig. 3), de- 
viations of a factor of 1000 between 
scientific and lay estimates were encoun- 
•vsred* suggesting that there were strong 
biases among our subjects for some de- 
scriptors and some hazards. The sub- 
jects also tended to compress the hazard 
scale* systematically overvaluing low 
scoring hazards and undervaluing high 
scoring hazards. Because this effect ap- 
peared in the scores of individual sub- 
jects, it was not an artifact of regression 
toward the mean. Similar effects were 
reported by Lichtenstein et al. (23) in 
comparisons of perceived risk with sci- 
entific estimates of annual mortality. 

To test whether our descriptors by 
causes of hazards would capture our 
subjects' overall concern with risk, we 
collected judgments of perceived risk, a 
global risk measure whose determinants 
have been explored in other psychomet- 
ric studies {13. 19). Subjects were asked 
to consider **the risk of dying across all 
of U.S. society/* as a consequence of 
the hazard in question, and to express 
their judgment on a relative scale of I to 
100. Modest positive correlations be- 
tween perceived risk and our descriptor 
scores were obtained in 9 of 12 cases 
(Table 5). Each hazard descriptor thus 
explains only a small portion of the vari- 
ance in perceived risk. 

The five factors from Table 2 also 
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Table 3. Descriptor and factor codes for 93 hazards. The descriptor code for each hazard consists of a digit for each descriptor, and 
represents scores on the scales defined in Table 1. To help visualize the factor structure, descriptors have been grouped by factor m 
the order defined jn Jable 2. The factor code consists of a single digit for each factor, and identifies extreme scores by "1" and non- 
^treae scores by ^O", and also follows the order defined in Table 2. Hazards with two or aore extreme factors are identified with 



HAZARD 



DESCRIPTOR CODE 



FACTOR 
CODE 



Hazako 



DESCRIPTOR CODE 



ENERGY HAZARDS 

1. Appliances - fire 

2. Appliances - shock 

3. Auto - crashes 

4. Aviation - conercial - crashes 

5. Aviation - conercial - noise 

6. Aviation - private - crashes 

7. Aviation . SST noise 

8. Bicycles - crashes 

9. Bridges - collapse 

10. Chainsaws - accidents 

11. Coal mining - accidents 

12. Daas - failure 

13. Downhill skiing - falls 

14. pynaaite blasts - accidents 

15. Elevators - falls 

16. Fireworks - accidents 

17. Handguns - shootings 

18. High construction - falls 

19. High voltage wires - electric 

fields 

20. LNG - explosions 

21. Medical x-rays - radiation 

22. Microwave ovens - radiation 

23. Motorcycles - accidents 

24. Motor vehicles - noise 

25. Motor vehicles - racing crashes 

26. Nuclear war - blast 

27. Power aowers - accidents 

28. Skateboards - falls 

29. Skydiving - accidents 

30. Skyscr^rs - fire 

31. Skoking - fires 

32. SnoiMobiles - collisions 

33. Space vehicles - crashes 

34. Tractors - accidents 

35. Trains - crashes 

36. Traapolines - falls 

MATERIALS HAZARDS 



FACTOR 
CODE 



333-333-42-3-95-2 

333-113-21-3-95-1 

333-113-11-5-96-2 

333-113-63-3-97- 

333-213-11-1-85-5 

333-113-32-4-97-4 

333-313-41-1-76-5 

333-113-11-3-84-2 

333-113-53-1-95-3 

666-113-11-1-74-2 

333-233-53-3-64-3 

693-423-74-2-85-5 

333-113-21-2-63-1 

333-113-32-2-65-3 

333-113-52-2-96-2 

333-113-31-1-83-2 

369-113-41-4-96-1 

333-113-71-1-28-2 

333-173-H-1-74-3 

363-213-85-1-86-5 
333-189-11-4-92-2 
333-173-11-1^4-2 
333-113-11-4.76-2 
333-213-11-1-83-3 
333-113-52-2-67-2 
699-213-87-4-98-6 
333-113-21-2-73-2 
333-113-11-3-73-1 
333-113-51-2-48-1 
333-425-53.3.85-4 
333-433-32-3-85-1 
333-113-41-2-73-2 
333-313-84-1-98-5 
333-113-41-2-74-2 
333-213-53-3-84-3 
333-113-51-1-74-2 



00000 

00000 

00010 

00100 

00000 

00010 

00000 

00000 

00000 

10000 

00000 

10100* 

00000 

00000 

00000 

00000 

10010* 

00000 

00000 

00100 

00011* 

00000 

OOOlO 

00000 

00000 

10110* 

00000 

00000 

00000 

00000 

00000 

ooooo 

00100 
00000 

ooooo 
ooooo 



37. 


Alcohol - accidents 


333-313. 


-11 


-4-95-2 


00010 


38. 


Alcohol - chronic effects 


333-486 


-11 


-5-85-1 


00010 


39. 


Antibiotics - bacterial resis- 


666-563- 


•11 


-3-97-1 


10000 




tknce 










40. 


Asbestos insulation - toxic 


333-583-11 


-3-56-3 


ooooo 




effects 








41. 


Asbestos spray - toxic effects 


333-583' 


11 


-1-83-3 


OOOOO 


42. 


Aspirin - overdose 


333-456- 


11 


-3-97-1 


ooooo 


43. 


Auto - CO po3 lution 


333-346- 


11 


-2-94-4 


OOOOO 


44. 


Auto - lead pollution 


663-976- 


11 


-2-95-5 


01000 


45. 


Cadmium - toxic effects 


663-986- 


11 


-2-74-6 


01000 



46. Caffeine - chronic effects 

47. Coal burning - NOx pollution 

48. Coal burning - SO2 pollution 
49.. Coal mining - black lung 

50. Contraceptive IUD»s - side eff. 

51. Contraceptive piUs • side eff. 

52. Oarvon - overdose 

53. DDT - toxic effects 

54. Oeforestatioi - CO2 release 

55. OES - animal feed - huoan 

toxicity 

56. Fertilizer - NOx pollution 

57. Fluorocarbons « ozone depletion 

58. Fossil fuels - CO2 release 

59. Hair dyes - coal tar exposure 

60. Hexachlorophene • toxic effects 

61. Hoae pools - drowning 

62. Laetrile . toxic effects 

63. Lead paint . huaan toxicity 

64. Mercury - toxic effects 

65. Mirex pesticide - toxic effects 

66. Nerve gas - accidents 

67. Nerve gas - war use 

68. Nitrite preservative -toxic eff. 

69. Nuclear reactor - radiation 

release 

70. Nuclear tests - fallout 

71. Nuclear war - radiation effects 

72. Nuclear waste • radiation 

effects 

73. Oil tankers - spills 

74. PCB'S - toxic effects 

75. Pesticides - huaan toxicity 

76. PVC - huaan toxicity 

77. Recoabinant DMA - harmful 

release 

78. Recreational boating • drowning 

79. Rubber Manufacture - toxic exp. 

80. Saccharin - cancer 

81. Smoking - chronic effects 

82. SST - ozone depletion 

83. Taconite aining-irater pollution 

84. Thalidoaide - side effects 

85. Trichloroethylene-toxic effects 

86. TWo,4,5-T herbicide - toxic eff. 

87. Underwater construction - 

accidents 

88. Uranium mining-radiation 

89. Vaccines - side effects 

90. Valium - misuse 

91. Warfarin - human toxicity 

92. Water chlorination.toxic eff. 

93. Water fluoridation-toxic eff. 



333-566-11-1-95-1 
693-566-11-3-95-7 
693-563-11-4-94-7 
333-483-11-4-64-3 
333-763-11-2-67-1 
333-586-K-3-74-1 
333-556-11-4-77-1 
996-886-32-1-87-5 
696-993-11-1-91-9 
333-586-11-1-93-1 

393.686-11-1-93-9 
393-883-11-1-97-9 
393-993-11-1-92-9 
333-286-11-1-87-1 
666-363-11-2-87-1 
333-223-41-3-83-1 
333-553-11-1-55-1 
333-773-11-3-75-2 
663-986-13-2-85-5 
696.886-22-1-67-5 
669.836-73-1-77-5 
699-836-87-3-97-7 
336-786-11-1-91-1 
363-969-86-1-96-7 

663-989-73-3-91-9 
699-989-88-4-97-9 
363-989-15-1-82-6 

663-703.61-1-15-6 
663-976-13-1-97-6 
996-886-12-2-97-5 
333-486-11.2-77-4 
393-869-97-1-97-9 

333-223-51-4-83-2 
333-986-11-3-57-4 
333-486-11.1.87-1 
333-486.11-6-85-1 
393-893-11-1-93-9 
663.983-11-1-67-6 
^33-456-51-1. 17-1 
333-983.11-1-87-4 
696-886-22.1.77-5 
333-223-61-1-44-3 

333-989-12-2-64.5 
696-556-11-2-84-1 
333-566-11-3-87-1 
666-653-11-1-87-1 
666-583-11-1-97-5 
333-786.11-1-82-5 
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showed modest positive correlations 
with perceived risk. Because the factors 
are linearly independent, the summed 
variance of the factors may be used to 
determine the total variance explained. 
With the sample of 34 Oregonians we 
find that our descriptors account for 
about 50 percent of the variance in per- 
ceived risk. 

Perhaps the most striking aspect of 
these results is that perceived risk shows 
no significant correlation with the factor 
mortality. Thus, the variable most fre- 
qu**ntly chosen by scientists to represent 
risK appears not to be a strong factor in 
the judgment of our subjects. 

When average ratings from the 34 sub- 
jects were used instead of descriptor 
scores, correlations with perceived risk 
increased substantially, and factor 
scores derived from the subjects' de- 




-)tor ratings explained 85 percent (not 



50 percent) of the variance in perceived 
risk. It appears, therefore, that the haz- 
ard descriptors were well understood by 
our nonexpert subjects and that they 
captured most of the global concern with 
risk that is expressed in the variable 
perceived risk. Larger and more repre- 
sentative groups must be tested before 
the results can be generalized. 



Applications to Managing Hazards 

In addition to improvmg our under- 
standing of hazards, our conceptualiza- 
tion of hazardousness may help society 
select social and technical controls to 
ease the burden of hazards. Though de- 
tailed discussion of hazard management 
is beyond the scope of this article, we 



Class 



Multiple extreme hazards 

Extreme hazards 
Intentional biocides 
Persistent teratogens 
Rare catastrophes 
Common killers 
Diffuse global threats 

Hazards 



Table 4 A seven-class taxonomy. 

Examples 

Nuclear war (radiation), recombinant DNA, pesticides 

Cham saws, antibiotics, vaccines 

Uranium mining, rubber manufacture 

LNG explosions, commercial aviation (crashes) 

Auto crashes, coal mining (black lung) 

Fossil fuel (CO: release). SST (ozone depletion) 

Saccharin, aspirin, appliances, skateboards, bicycles 



2iO 



205 



10,0 



SpatttI extent 



5.0 




c 

0 

o 

o 



c 
» 
o 

D 
Ul 

E 

0 



0.0 



5.0 



0.0 



5.0 



Recurrence 




Human mortality 
(U.S., annual) 




0.0 



-L 



0.0 



2.5 6.0 7.5 

Scientific estimates 



10.0 













A 
















' ■ ' 






0.1 


1 10 100 


1000 








Oeeths/IOOO MW-year 

1 1 1 


1 




Standardized descriptor score 
(units of standard deviation) 



Fig. 3 (left). Scatter plots with linear regression lines indicat- 
ing the correlation between mean lay judgments and our 
estimates of hazard descriptors. The three cases illustrate the 
generally high degree of correspondence between the two 
types of judgment, occasional deviations by as much as a 
factor of 1000, and except in the case of spatial extent, a 
significant compression of the scale of lay judgments, (x) 
Materials hazards; (O) energy hazards. Fig. 4 (above). 
Comparison of nuclear (light bars) and coal-fired (black bars) 
electnc power by using Inhaber's analysis (A) and our 
hazardousness factors and descriptors (B). 
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can suggest three ways of improving this 
process. 

Comparing technologies. Basic 
hazard management are comparisons 
and choices among competing technolo- 
gies. For example, for electricity genera- 
tion, coal and nuclear power are fre- 
quently compared, and the hazards of 
each are invariably couched in terms of 
mortality estimates. Inhaber {4) has esti- 



mated that mortality rates associated 
with coal technology are 50 times those 
for nuclear power technology (Fig. 4A). 
Such one-dimensional comparisons have 
created considerable dissatisfaction be- 
cause they ignore other important differ- 
ences, including other aspects of hazard- 
ousness, between the two technologies 
{24), 

Our factors and descriptors for haz- 



Hi 



ardousness offer a partial solution by 
allowing a multidimensional hazard pro- 
file to be applied to coal and nuclear 
power (Fig, 4B). This profile was ob- 
tained from combined descriptor scores 
for each of several hazard chains that 
make up the total hazard of coal and 
nuclear power {12). Coal still exceeds 
nuclear in human mortality, as expected 
from Inhaber's analysis, and it also ex- 
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Tabic 5. Correlation of causal structure de- 
scriptors with psychometrically determined 
values of perceived risk for 81 hazards. Only 
values of r at greater than 95 percent confi- 
dence level are given. 



Descriptor r 



Technology descriptor 

Intentionality 28 

Release descriptors 

Spatial extent .57 

Concentration — . 

Persistence 42 

Recurrence — 

Exposure descriptors 

Population at risk 42 

Delay .30 

Consequence descriptors 

Human mortality (annual) — 

Human mortality (maximum) .53 

Transgenerational ,43 

Nonhuman mortality (potential) ,53 

Nonhuman mortality (experienced) ,30 
Factors 

Biocidal .32 

Delay .41 

Catastrophic .32 

Mortality 

Global .30 

Variance explained (2r) .50 



ceeds nuclear in nonhuman mortality, 
that is, environmental effects. Nuclear 
power, on the other hand, dominates in 
possible transgenerational effects and 
the catastrophic factor. The two technol- 
ogies show little difference in persist- 
ence, delay, population at risk, and dif- 
fuseness. 

The profile of hazardousness devel- 
oped from the 12 hazard descriptors 
seems to capture the complexity of 
choice in energy risk assessment and 
management better than the common 
mortality index. The problem of choice 
remains, as does the question of how 
should society weight the different di- 
mensions of hazardousness. 

Hazard of the week. Analysis of na- 
tional news media shows that 40 to 50 
hazards receive widespread attention 
each year (25). In theory, each new 
hazard goes through a sequence that 
includes problem recognition, assess- 
ment, and managerial action. Often there 
is need for eariy managerial response of 
some kind. Our descriptors of hazard- 
ousness provide a quick profile that al- 
lows new hazards to be grouped and 
compared with others that have similar 
profiles. Such comparisons may provide 
industrial or governmental managers 
some immediate precedents, as well as a 
warning of unexpected problems, a 
range of suggested managerial options, 
and, at the very least, a measure of 
consistency in public policy. 
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We tested this use of the profile by 
scoring a new hazard, tampons— toxic 
shock syndrome. The profile of this haz- 
ard was most similar in structure to that 
of the profiles of contraceptive intrauter- 
ine devices (lUD's)— side effects; and 
then to aspirin— overdose ; Valium — mis- 
use; and Darvon — overdose. Indeed, 
subsequent regulatory response to the 
hazard associated with tampons has par- 
alleled that to lUD's. the hazard in our 
inventory closest in structure to tam- 
pons. 

Triage. As a society we cannot make 
extraordinary efforts on each of the 
100,000 chemicals or 20,000 consumer 
products in commerce. If our causal 
structure and descriptors reflect key as- 
pects of hazards— threats to humans and 
what they value — then our taxonomy 
provides a way of identifying those haz- 
ards worthy of special attention. Cases 
with multiple extreme scores (Table 3) 
lead naturally to a proposal for triage: 
extraordinary attention for multiple ex- 
treme hazards, distinctive effort for each 
of the groups of extreme hazards, and an 
ordered, routine response for the re- 
mainder. 

Although we regard the suggestion of 
triage as an impoitanl outcome of our 
analysis, it is we'l to remember that 
many of the extreme hazards, such as 
nuclear weapons, are among a group that 
has defied solution for a long time and 
that special efforts expended on them 
may produce few concrete results. This 
leads some to argue that society should 
focus its effort on cases of proven cost- 
effectiveness— cases with the maximum 
reduction in hazardousness per unit ex- 
penditure. 

We regard neither triage nor adher- 
ence to cost-effectiveness criteria as ade- 
quate foundations for managing hazard*^, 
rather, we see them as the horns of a 
familiar dilemma — whether to work Zti 
the big questions where success is limit- 
ed, or to work on the normal, where 
success is expected. 



Summary and Conclusions 

All taxonomies are based on explicit 
or implicit assumptions, and ours is no 
different. We assume that technological 
hazards form a single domain, that they 
are defined by causal sequences, and 
that these are usefully measured by a few 
physical, biological, and social descrip- 
tors. Our picture leads us to distinguish 
between energy and materials releases 
and provides a method for constructing 
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profiles of hazardousness that considera- 
bly extend the conventional concept of 
risk as annual human mortality. Our pro- 
files of hazardousness appear to be com- 
prehensible to lay people and to capture 
a significant iraction of our subjects' 
concern with hazardousness. This sug- 
gests that some conflict between experts 
and lay people may be resolved by clari- 
fying the definition of hazardousness. 

We expect that our approach can im- 
prove the quality and effectiveness of 
hazard management. In particular, it 
may help in comparing the hazards ex- 
pected from competing technologies as 
well as provide a quicker, more orderly 
response to new hazards and offer socie- 
ty a rational approach to triage. Yet to be 
resolved is the assignment of weights to 
the different descriptors of hazard. 
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We are now in a troubled and emotion- 
al period for pollution control; many 
communities are gripped by something 
approaching panic and the public discus- 
sion is dominated by personalities rather 
than substance. It is not important to 
assign blame for this. I appreciate that 
people are worried about public health 
and about economic survival, and legiti- 
mately so. but we must all reject the 
emotionalism that surrounds the current 
discourse and rescue ourselves from the 
paralysis of honest publip policy that it 
breeds. 

I believe that part of the solution to 
our distress lies with the idea that disci- 
plined minds can grapple with ignorance 
and sorne times win: the idea of science. 
We will not recover our equilibrium 
without a concerted effort to more effec- 
avely engage the scientific community. 
Frankly, we are not going to be able to 
emerge from our current troubles with- 
out a much improved level of public 
confidence. The polls show that scien- 
tists have more credibility than lawyers 
or businessmen or politicians,^ and ! am 
all three of those. I need the help of 
scientists. 

This is not a naive plea for science to 
save us from ourselves. Somehow, our 
democratic technological society must 
resolve the dissonance between science 
and the c.v.v'^on of public policy. No- 
where is this mure troublesome than in 
the formal assessment of risk — the esti- 
mation of the association between expo- 
sure to a s.ibstance and the incidence of 
some disease, based on scientific data. 



Science i:. the Law at EPA 
Here is how the problem emerge^ -I 



the Environmental Protection Agency 
EPA is an instrument of public policy, 
whose mission is to protect the public 
health and the environment in the man- 
ner laid down by its statutes. That man- 
ner is to set standards and enforce them, 
and our enforcement powers are strong 
and pervasive. But the standards we set, 
whether technology- or health-related, 
must have a sound scientific base. 

Science and the law are thus partners 
at EPA, out uneasy partners. The main 
reason for the uneasiness lies, I think, in 
the conflict between the way science 
really works and the public's thirst for 
certitude that is written into EPA's laws. 
Science thrives on uncertainty. The best 
young scientists flock into fields where 
great questions have been asked but 
nothing is known. The greatest triumph 
of a scientist is the crucial experiment 
that shatters the certainties of the past 
and opens up rich new pastures of igno- 
rance. 

But EPA's laws often assume, indeed 
demand, a certainty of protection greater 
than science can provide with the cur- 
rent state of knowledge. The laws do no 
more than reflect what the public be- 
lieves and what it often hears from peo- 
ple with scientific credentials on the 6 
o'clock news. The public thinks we 
know what all the bad pollutants are, 
precisely what adverse health or envi- 
ronmental effects they cause, how to 
measure them exactly and control them 
absolutely. Of course, the public and 
sometimes the law are wrong, but not all 
wrong. We do know a great deal about 
some pollutants and we have controlled 
them effectively by using thv* tools of the 
Clean Air Act and . .e Clean Water Act. 
These are the pollutants for which the 
scie. tific community can set safe levels 



and margins of safety for sensitive popu- 
lations. If this were the case for all 
pollutants, we could breathe more easily 
(in both senses of the phrase); but it is 
not so. 

More than 10 years ago, EPA had the 
Clean Air Act, the Clean Water Act, a 
solid waste law. a pesticide law, and 
laws to control radiation and noise. Yet 
to come were the myriad of laws to 
control toxic substances from their man- 
ufacture to their disposal — but that they 
would be passed was obvious even then. 

When I departed EPA a decade ago, 
the struggle over whether the federal 
government was to have a major role in 
protecting our health, safety, and envi- 
ronment was ended. The American peo- 
ple had spoken. The laws had been 
passed; the regulations were being writ- 
ten. The only remaining question was 
whether the statutory framework we had 
created made sense or whether, over 
time, we would adjust it. 

Scientific Realities 

Ten years ago I thought I knew the 
answer to that question as well. I be- 
lieved it would become apparent to all 
that we could virtually eliminate the 
risks we call pollution if we wanted to 
spend enough money When it also be- 
came apparent that enough money for all 
the pollutants was a lot of money. I came 
to believe that we would begin examin- 
ing the risks very carefully and structure 
a system that would force us to balance 
our desire to eliminate pollution against 
the costs of its control. This would entail 
some adjustment of the laws, but not all 
that much, atid it would happen by about 
1976 I was wrong. 

This time around as administrator of 
EPA, I am determined to improve our 
country's ability to cope with the risk of 
pollutants over where I left it 10 years 
ago. It will not be easy, because we must 
now deal with a class of pollutants for 
which it IS difficult, if not impossible, to 
establish a safe level. These pollutants 

Willihm n Ruckclsh.uis is Admiristraloi of ihe 
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interfere with genetic processes and are 
associated with the diseases we fear 
most: cancer and reproductive disor- 
ders, including birth defects. The scien- 
tific consensus is that any exposure, 
however small, to a genetically active 
substance embodies some risk of an ef- 
fect. Since these substances are wide- 
spread in the environment, and since we 
can detect them down to very low levels, 
we must assume that life now takes place 
in a minefield of risks from hundreds, 
perhaps thousands, of substances. We 
can no longer tell the public that they 
have^n adequate margin of safety. 

This worries all of us, and it should. 
But when we examine the premises on 
which such estimates of risk are based, 
we find a confusing picture. In assessing 
a suspected carcinogen, for example, 
there are uncertainties at every point 
where an assumption must be made; in 
calculating exposure; in extrapolating 
from high doses where we have seen an 
effect to the low doses typical of environ- 
mental pollution; in what we may expect 
when humans are subjected to much 
lower doses of a substance that,, when 
given in high doses, caused tumors in 
laboratory animals; and finally, in the 
very mechanisms by which we suppose 
the disease to work. 

One thing we clearly need to do is 
ensure that our laws reflect these scien- 
tific realities. The administrator of EPA 
should not be forced to represent that a 
margin of safety exists for a specific 
substance at a specific level of exposure 
where none can be scientifically estab- 
lished. This is particularly true where the 
inability to so represent forces the cessa- 
tion of all use of a substance without any 
further evaluation. 



Functions of Regulatory Agencies 

It is my strong belief that where EPA, 
OSHA (the Occupational Safety and 
Health Administration), or any other so- 
cial regulatory agency is charged with 
protecting public health.« safety, or the 
environment, we should be given, to the 
extent possible, a common statutory for- 
mula for accomplishing our tasks. This 
statutory formula may well weigh public 
health very heavily, as the American 
people certainly do. 

The formula should be as precise as 
possible and should include a responsi- 
bility for assessing the risk and weighing 
it, not only against the benefits of contin- 
ued use of the substance under examina- 
tion, but against the risks associated with 
.substitute substances and the risks asso- 
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ciated with the transfer of the substance 
from one environmental medium to an- 
other through pollution control prac- 
tices. I recognize that legislative change 
in the current climate is difficult. It is up 
to those of us who seek change to make 
the case for its advisability. 

But my purpose here is not to plead for 
statutory change: it is to speak of risk 
assessment and risk management and the 
role of science in both. It is important to 
distinguish these two essential functions, 
and I rely here on a recent National 
Academy of Sciences report on the man- 
agement of risk in the federal govern- 
ment. Scientists assess a risk to find out 
what the problems are. The process of 
deciding what to do about the problems 
is risk management. The second proce- 
dure involves a much broader array of 
disciplines and is aimed toward a deci- 
sion about control. 

In risk management it is assumed that 
we have assessed the health risks of a 
suspect chemical. We must then factor in 
its benefits, the costs of the various 
methods available for its control, and the 
statutory framework for decision. The 
NAS report recommends that these two 
functions— risk assessment and risk 
management— be separated as much as 
possible within a regulatory agency. This 
is what we now do at EPA and it makes 
sense. 



Risk Assessment 

We also need to strengthen our risk 
assessment capabilities. We need more 
research on the health effects of the 
substances we regulate. I intend to do 
everything in my power to make clear 
the importance of this scientific analysis 
at EPA. Given the necessity of acting in 
the face of enormous scientific uncer- 
tainties, it is more important than ever 
that our scientific analysis be rigorous 
and the quality of our data be high. We 
must take great pains not to miskad 
people about the risks to their health. We 
can help to avoid confusion be ensuring 
both the quality of our science and the 
clarity of our language in explaining haz- 
ards. 

I intend to allocate some of EPA's 
increased resources to pursuing these 
ends. Our 1984 request contains signifi- 
cant increases for risk assessment and 
associated work. We have requested $31 
million in supplemental appropriations 
for research and development, and I 
expect that risk assessment will be more 
strongly supported as a result of this 
increase as well. ^ , , 



I would also like to revitalize our long- 
term research program to develop a base 
for more adequately protecting the pub- 
lic health from toxic pollutants. I will be 
asking the outside scientific community 
for advice on how best to focus those 
research efforts. 

In the future, this being an imperfect 
world* the rigor and thoroughness of our 
risk analyses will undoubtedly be affect- 
ed by many factors, including the toxici- 
ty of the substances examined, the popu- 
lations exposed, the pressure of the regu- 
latory timetable, and the resources avail- 
able. Despite these often conflicting 
pressures, risk assessment at EPA must 
be based only on scientific evidence md 
scientific consensus. Nothing will e .>de 
public confidence faster than the suspi- 
cion that policy considerations have 
been allowed to influence the assessment 
of risk. 



Risk Management 

Although there is an objective way to 
assess risk, there is, of course, no purely 
objective way to manage it, nor can we 
ignore the subjective perception of risk 
in the ultimate management of a particu- 
lar substance. To do so would be to place 
too much credence in our objective data 
and ignore the possibility that occasion- 
ally one's intuition is right. No amount of 
data is a substitute for judgment. 

Further, we must search for ways to 
describe risk in terms that the average 
citizen can comprehend. Telling a family 
that lives close to a manufacturing iacih- 
ty that no further controls on the plant's 
emissions are needed because, according 
to our linear model, their risk is only 
10 is not very reassuring. We need to 
describe the suspect substances as clear- 
ly as possible, tell people what the 
known or suspected health problems are, 
and help them compare that risk to those 
with which they are more familiar. 

To effectively manage the risk, we 
must seek new ways to involve the pub- 
lic in the decision-making process. 
Whether we believe in participatory de- 
mocracy or not, it is a part of our social 
regulatory fabric. Rather than praise or 
lament it, we should seek more imagina- 
tive ways to involve the various seg- 
ments of the public affected by the sub- 
stance at issue. 'I hey need to become 
involved early, and they need to be in- 
formed if their participation is to be 
meaningful. We will be searching for 
ways to make our participatory process 
work better. 

For this to happen, scientists must be 
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willing to take a larger role in explaining 
the risks to the public— including the 
uncertainties inherent in any risk assess- 
ment. Shouldering this burden is the 
responsibility of all scientists, not just 
those with a particular policy end in 
mind. In fact, all scientists should make 
clear when they are speaking as scien- 
tists, ex cathedra, and when they are 
recommending policy they believe 
should flow from scientific information. 
What we need to hear more of from 
scientists is science. I am going to try to 
provide avenues at EPA for scientists to 
become more involved in the public dia- 
log in which scientific problems are de- 
scribed. 

Lest anyone misunderstand. I am not 
suggesting that all the elements of man- 
aging risk can be reduced to a neat 
mathematical formula. Going through a 
disciplined approach can help to orga- 
nize our thoughts so that we include all 
the elements that should be weighed. We 
will build up a set of precedents that will 
be useful for later decision-making and 
will provide more predictable outcomes 
for any social regulatory programs wc 
adopt. 

In a society in which democratic prin- 
ciples dominate, the perceptions of the 
public must be weighed. Instead of ob- 
jective and subjective risks, the experts 
sometimes refer to "real" and "imagi- 
nary ' risks. There is a certain arrogance 
in this — an elitism that has ill served us 
in the past. Rather than decry the igno- 
rance of the public and seek to ignore 
their concerns, our governmental pro- 
ce'ises must accommodate the will of the 
people and recognize its occasional wis- 
dom. As Thomas Jefferson observed. "If 



we think [the people] not enlightened 
enough to exercise their control with a 
wholesome discretion, the remedy is not 
to take it from them, but to inform their 
discretion." 

Interagency and International 
Coordination 

Up to this point I have been suggesting 
how risks should be assessed and man- 
aged in EPA. Much needs to be done to 
coordinate the various EPA programs to 
ensure a consistent approach. I have 
established a task force with that char- 
ter. 

I further believe we should make uni- 
form the way in which we manage risk 
across the federal regulatory agencies. 
The public interest is not served by two 
federal agencies taking diametrically op- 
posed positions on the health risks of a 
toxic substance and then arguing about it 
in the press. We should be able to coor- 
dinate our risk assessment procedures 
across all federal agencies. The nsk man- 
agement strategies that flow from that 
assessment may indeed diff'er, depending 
on each agency's statutory mandate or 
the judgmeiu gf the ultimate decision- 
maker. 

But even at the management stage 
there is no reason why the approaches 
cannot be coordinated to achieve the 
goal of risk avoidance or minimization 
with the least societal disruption possi- 
ble. I have been exploring with the White 
House and the Office of Management 
and Budget the possibility of eff"ecting 
better intragovernmental coordination of 
the way in \\hich we assess and manage 
risk. 



To push this one step further, I believe 
it is in our nation's best interest to share 
our knowledge of risks and our approach 
to managing them with the other devel- 
oped nations of the world. The environ- 
mental movement has taught us the in- 
terdependence of the worid's ecosys- 
tems. In coping with the legitimate con- 
cerns raised by environmentalists, we 
must not forget that we cope in a world 
with interdependent economies. If our 
approach to the management cf risk is 
not sufficiently in harmony with those of 
the other developed nations, we could 
save our health and risk our economy. I 
do not believe we need to abandon ei- 
ther, but to ensure that it does not hap- 
pen, we need to work hard to share 
scientific data and understand how to 
harmonize our management techniques 
with those of our sister nations. 

In sum, iny goal is a government-wide 
process for assessing and managing envi- 
ronmental risks. Achieving this will take 
cooperation and goodwill within EPA, 
among Executive Branch agencies, and 
between Congress and the Administra- 
tion, a state of aff'airs that may partake of 
the miraculous. Still, it is worth trying, 
and the eff'ort is worth the wholehearted 
support of the scientific community. I 
believe such an eff'ort touches on the 
maintenance of our current society, in 
which a democratic polity is grounded in 
a high-technology industrial civilization. 
Without a much more successful way of 
handling the risks associated with the 
creations of science. I fear we will have 
set up for ourselves a grim and unneces- 
sary choice between the fruits of ad- 
vanced technology and the blessings of 
democracy. 
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How 10 balance the need for scicniific openness against threats 
to national security resulting from that openness is one of the 
most difficult issues in the emerging relations among science, 
technology, and society. Controls over unclassified scientific com- 
munication and publication have been proposed and justified by 
arguments resembling those articulated in the years following the 
Manhattan Project and World War II, when scientists and military 
officials debated the ments of removing the cloak of secrecy from the 
field of atomic physics and nuclear research. 

Most of the research areas currently being singled out for controls 
lie within the field of applied science, but restrictions have also been 
proposed for basic research projects, mcluding some related to lasers, 
codc-rclated mathematics, high-energy physics, and materials re- 
search. Scientists rect ving research support f*x)m government agen- 
cies not directly linked to military objectives, such as the National 
Science Foundation, have occasionally been advised that their re- 
search proposals and reports were routinely circulated to defense or 
intelligence agencies for review and information. 

The debate over national security controls on scientific com- 
munication may be an early warning of increasing strains developing 
within the American science-federal government partnership. New 
calls from government officials for caution and restraint in the dis- 
semination of sensitive research findings, the scientific currency of 
the twenty-first century, highlight an increased emphasis on protect- 
ing substantive national investments in sources of military and com- 
mercial advantage. 

Above all, the power of nuclear weapons continues to be a strong 
reminder of the important role scientists play in developing new 
instruments of war. This chapter mcludes a 1982 statement presented 
to Pope John Paul II by presidents of scientific academies and other 
scientists from all over the world. The statement expresses the belief 
that science offers the world no real defense against the consequences 



of nuclear war. It urges nations to renounce first use of nuclear 
weapons and to prevent further proliferation of these weapons as steps 
toward a true world peace. 

William D. Carey's editorial on science and national security 
expresses a growing disenchantment with Defense Department poli- 
cies that target the open communication processes of American sci- 
ence as a source of vulnerability to U.S. national security interests. 
His exchange of letters with then Deputy Secretary of Defense Frank 
Carlucci examines the pros and cons of proposed controls. Robert A. 
Rosenbaum et a!., Mitchel B. Wallerstein, and Dcnald Kennedy 
develop strong arguments for continued openness in science. The 
editorial by former defense research chief RichardD. DeLauer takesa 
more conciliatory approach to the issue and outlines a possible strat- 
egy for limiting the extent of govemment controls. 

Additional perspectives on the debate over the need for national 
security controls on scientific communication are also offered. James 
R. Ferguson suggests that scientific communication may indeed not 
be entitled to full First Amendment protection since it is a form of 
action as well as speech. F.A. Long emphasizes the need for inno- 
vative U.S. technology and the consequent need for rapid dissemina- 
tion of technical information. He suggests that these approaches, 
rather than controls, should be the focal ^;oint of U.S. defense policy. 

While some scientists and government officials were arguing the 
merits of govemment restrictions in science, others were emphasiz- 
ing the importance of maintaining scientific exchange as a 
confidence-building measure between the United Slates and Soviet 
governments. Victor F. Weisskopf, Robert R. Wilson, and William 
D. Carey examine the search for new principles to guide scientific 
communication in the face of human rights violations and for stan- 
dards of responsible conduct for scientists in dealing with incidents of 
repression and injustice. — RC 



2i6 



212 




Our scientific relations with the Soviet 
Union arc rapidly deteriorating. We have 
almost reached the point of the cold war 
situation 25 years ago The reasons are clear 
enough: the persistent violations by the 
Soviet government of the human nghts of 
scientists such as Orlov, Shcharansky. and 
many others, the persecution of Sakharov. 
and now the invasion of Afghanistan- 
Many scientists in this country and else- 
where, aghast at these outrages, have re- 
sorted to one of the measures available to 
Ihem: refusing to attend conferences and to 
participate in collaborative scientific prx)j- 
ects. It is assumed that the Soviet leaders are 
so strongly interested in scientific contacts 
with the West that they will change their 
policy. We fear that it will not wi^k that 
way. Most of the contacts took place in the 
fundamental sciences or in applied fields re- 
moved from weapons technology These 
areas arc not important enough to Soviet 
leaders to make them yield to external pres- 
sures. The primary victims are our col- 
leagues in the U.S. S R.. for they lose a pre- 
cious window on the world that was opened 



to them — and to us. Another victim is 
scientific progress, since we lose the per- 
sonal contacts that are so important, particu- 
larly in those fields in which one side has 
more results than the other. 

But there arc deeper arguments against a 
boycott of .scientific relations Science is 
supranational and supraideological — the 
concern of humankind as a whole. It should 
stand above political turmoil and serve, as it 
has in the past, as a bridge for mutual under- 
standing and peace in a divided world. Di- 
rectly and indirectly, scientific contacts have 
led to actual di ..irmament measures — the test 
ban, for example, or the arms control talks. 

We should not lose contact with some of 
the best elements of Soviet society, a group 
that basically agrees with our value scale and 
may have a significant influence on future 
developments in the Soviet Union. If, as we 
hope, the present situation will not lead to a 
catastrophe, there is a chance that, sooner or 
later, the character of the Soviet regime nia> 
change again for the better. We should leave 
our bridges intact for ihis eventuality. 
Unavoidably, scientific ecrtacts \^i|l be 



weakened in the near future because of the 
understandable reactions of many U.S. sci- 
entists against the recent happenings. How- 
ever, the U.S. National Academy of Scien- 
ces* official suspension of bilateral agree- 
ments is a step in the wrong direction. Re- 
strictions on scientific communication arc 
not the right answer to the restrictions the 
Soviet government has imposed on some of 
their scientists. Repressive actions usually 
incite hostility, whicii often leads to mis- 
understandings, dislike, and retaliation. Not 
all of the Soviet scientists will understand the 
reasons for our actions when we no longer go 
there and talk to them openly and vigorous- 
ly, as many of us have done in the past. We 
may have done the cause of human rights in 
the U.S.S.R. more of a disservice than a 
service. 

The only appropriate way for the scientific 
community to deal with any kind of prob- 
lem, scientific or human, is through reason 
and discu.ssion: one scientist speaks or writes 
to another or addres.ses a meeting of scien- 
tists, be it an official one or one organized b\ 
refu.seniks. Collaborative experiments offer 
unique opportunities for reaching a mutual 
understanding, especially through personal 
contacts during the hours of relaxation. In 
times of political tensions, we should extend 
collaborations — not cut them back. 

The real problem is the danger of nuclear 
war. If we cannot learn how to rational i/e 
our differences, how to resolve them by 
argument rather than by threats and by cut- 
ting off relations, then we are really lost. Tlie 
least we scientists can do is show the power 
of reasoning. Dt* spite its frust nations, only 
by reason vvill both human rights and peace 
flourish on this small planet. 




The dismantling of meaningful scientific 
exchanges with the Soviet scientific commu- 
nity, provoked by the military occupation of 
Afghanistan and the subsequent internal ex- 
ile of Sakharov, calls for second thoughts. It 
is not as though the uses of the* scientific 
exhanges have zero value to diplomacy 
while advancing science. The fact is that in 
O 
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the Soviet system the scientifc elites not 
only are extraordinarily valued pro- 
fessionally but also enjoy that rarest ot 
socialist graces, an edge of independence 
Turning a blind eye to that fpct short- 
sighted. 

The temper of U.S.-Soviet political rela- 
tions slides from bad to worse. As tensions 
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increase, the risks of uvcrrcactum uith^ ♦••l 
consequences are enhanced There is. un this 
side, talk of reurgeting schemes, of new 
attack weapons hatched from supertechnolo- 
gy, and more than a hint of Star Wars, From 
the other side comes political adventurism 
and an internal tightening of the screws, but 
mostly a menacing silence As far as can be 
judged, not a single diplomatic card is being 
tumed up by either side, or by third parties 
that could bring the principals together to 
cool the temperature o\ growing crisis Dritt, 
governments need to bo reminded, is (he 
worst of all policies. 

The evidence is that the boycott tech- 
nique, as applied to scientific exchanges 
with the Soviets, is availing next to nothing. 
It has not relieved the besieged detenders of 
Afghanistan any more than jt has restored 
such civil and professional rights as Sakha- 
rov ever enjoyed. When an instrument of 
policy tums up useless, the soonei it is put 



down the better. But that is a hard thing to do 
when it has been invested with the authority 
of the establishment. Such is the price that is 
|>aid for going too far and leaving no exit. 

One does not have to eat crow, much less 
condone the behavior of the Soviets in 
repressing dissent through violence and 
police action, to press for a reopening of 
scientific traffic. The United States main- 
tains what pass for friendly relations with a 
large class of nations whose political virtue 
doeb not meet the standards that we can 
afford, and we stomach it for reasons of ex- 
pediency. When it comes to the matter of the 
Soviets, the difference is not trivial: it is cen- 
tral. The groundwater of a smoldering cnir^- 
ty is heating up, and it cannot be allowed to 
flash to steam. The conscience of science. 



however justified its outrage at Soviet be- 
havior, nevertheless has the greater burden 
of striving to prevent the ultimate outrage, 
the dimensions of which are better known to 
scientists on both sides than .x. distracted and 
unprotected publics. 

It violates no confidences to report that 
leaders in science in both countries view the 
present tension with undisguised alarm. 
Although the drivmg foices and emotions at 
work are remote from science, the blow, 
when and if it comes, will be a confrontation 
between Western science and technology 
and its Eastern equivalent. It is this tragic 
failure that is to be avoided, and when the 
politics of diplomacy arc paralyzed, then a 
form of science as diplomacy can no longer 
wait to be exercised. This is what troubled 
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scientists on both sides are now signaling to 
one another, and for good reasons. 

Tne position is that we arc very nearly out 
of safety valves as the nuclear superpowers 
drift toward impasse. If scientific responsi- 
bility is more than an idle phrase, it requires 
participation in the pursuit of peace and con- 
flict resolution. The quarantining of Soviet 
science, however principled, defeats the 
chances for engaging a concerned and far 
from impotent cohort of opinion and in- 
fluence in a dialogue of reason. 

Disagree as we will with the actions and 
the philosophy of the Soviet system, we can 
find common ground in the shared dread of a 
collision of power We should get on with it, 
before time runs out. 




In an open society the rclationiihip be- 
tween science and the mihtary authorities is 
a touchy business at best. Science is rightly 
expected to enhance the national security, 
and it re.sponds willingly. Equally, the mili- 
tary authorities arc expected to respect the 
values, standards, and methods of science as 
an open and productive prcKcss. Yet, when 
the climate of national security is overtaken 
by hyperanxiety this qualitative balance is 
ea.sily destabilized by judgmental mistakes, 
and that is what has now happened. 

The brochure on Soviet Military Power 
that has been released with much publicity 
by the Department of Defense goes beyond 
documenting the U S.S R.'s formidable 
military assets. It addresses what may be 
termed collateral sources of Soviet military 
know-how. These sources, in the de- 
partment's opinion, include high technology 
that has been transferred by the in- 
dustrialized free world, Also helpful to the 
Soviet military, we are infonned. are bilater- 
al scientific exchanges initiated under de- 
tente. Next come "student exchanges." along 
with the inter-academy exchange^ that pre- 
date the govemmcnt-to-govemment agree- 
ments. Omitting nothing, the Defense De- 
partment's distress blankets scientitlc con- 
ferences and symposia, unclassified research 



reports, and the ^'professional and open 
scientific literature." The military authorities 
seem convinced that the infrastructure 
suppi>rting the U.S. scientific and technical 
enteq;rise caters to Soviet military power 
and comprises a large pane in the window of 
vulnerability. 

If all this actually reflects the view from 
the Pentagon, it calls for swift revision 
What is sadly missing is the recognition, 
which sU'^*^ exists in thoughtful quarters of 
the defense establishment, that lively but re- 
sponsible coirununication in science is es- 
sential to the growth and development in sci- 
ence on which both national security and 
economic potential rely. "National security" 
IS not the simplistic proposition that il is 
made out to be, and it is in the best interests 
of those directly responsible for it to reali/e 
that laying heavy hands upon scientific dis- 
course Is counterproductive and self- 
denying. Even the maligned exchanges with 
the Soviets have their uses, and no one sup- 
poses that they should or do invoKe sensitive 
infomiation. To put it more strongly, it li 
only sensible to carry on these exchanges 
where both sides hold first-class rank, in- 
cluding such areas as condensed matter 
physics and astrophysics, h is a profoundly 
disturbing mistake to put oui «he notion that 



Soviet scientific capability is inferior to ours. 
We know better. 

The operativ e premise of our military 
leaders is that the U.S. window of vul- 
nerability must be closed with all possible 
speed. That premise is buttressed by a sub- 
stantial national consensus. But if, beyond 
rebuilding strategic and tactical military 
assets, it extends to clamping down on legiti- 
ma^ scientific conferences and .symposia as 
well as the open literature of science, the 
quality of science's interface 'vith the mili- 
tary will go downhill swiftly and tragically. 
Scientists are well aware that mfo^nation of 
genuine national security value must be pro- 
tected. That IS not the point. What is at issue 
is the balance between protection and over- 
protection. Diftlcult as that riddle may be to 
untangle, it must be dealt with responsibly 
and by no means solely from a military 
mind-set. One wants to believe thai the De- 
fcn.se Science Board would have taken a dif- 
ferent view of these matters had it been 
asked. 

The issues raised here ought to be pon- 
dered, as we! I, by the Commerce and State 
[departments, where work gcx:s on behind 
closed doors on regulations to tighten con- 
trols on the international transfer and ^x* 
change of scientific and technica! ini'onna* 
tion. Slamming the window may indeed stop 
the draft, but at the expense of fresh air and 
light. More than 30 years, ^o. Senator Brien 
McMahon. sponsor of the Atomic Energy 
Act of 1946* spoke cltKjuently of the need 
for a sane balance between two necessary but 
competing types of secunty. "by conceal- 
ment" and "by achievement, -jurying 
knowledge m silos of secrecy serves the one 
well, the other very badly. 
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On 9 October 1981, in a letter ad- 
dressed to The Honorable Frank Car- 
lucci. Deputy Secretary of the Depart- 
ment of Defense, Mr. William D, Carey, 
Executive Officer and Publisher of Sci- 
ence, criticized statements by the De- 
partment of Defense concerning 
scientific exchanges, conferences, and 
the unclassified, open scientific litera- 
ture, Mr, Carey's letter and the reply he 
received from Mr, Carlucci are printed 
here verbatim. 

i must tell you that the otherwise 
excellent brochure on Soviet Military 
Power went off the rails badly, in my 
opinion, in contending (pp. 80-81) that 
U.S.-sponsored scientific exchanges 
and scientific communication practices 
enhance Soviet military power. 

1 am dismayed to find the Defense 
Department indicting inter- Academy ex- 
changes, student exchanges, scientific 
conferences and symposia, and the en- 
tire professional and open literature'* 
as inherently adverse to U.S. military 
security interests. These normal and 
well-accepted fora for advancing scien- 
tific progress constitute the primary in- 
frastructure of U.S. and worldwide com- 
munication in science, and without them 
the U.S. technology base would go stale 
very quickly. 

The Defense Department should 
know, by this time, how scientific prac- 
tice is conducted and how necessary 
unimpaired communication in science is 
to advancing the state of the art and 
improviiig our own essential capabilities, 
i find it deplorable to have our Defense 
Department taking a public and well- 
advertised stance that exchanges and the 
open scientific literature constitute still 
another window of vulnerability and a 
free asset handed to our principal adver- 
sary. 

It is also somewhat astonishing to 
have the Defense Department charging 
that bilateral U.S.-Soviet scientific and 
technical exchanges are giveaway chan- 
nels benefiting Soviet military power. 

O 



These bilateral exchanges, as you must 
know, are legitimized by formal inter- 
governmental agreements initiated by 
nesident Nixon and continued by his 
successors. Whether the Defense De- 
partment likes them or not, they consti- 
tute the present foreign policy of the 
UniM States. As to the merits, it is very 
important to U.S. interests to be well- 
posted on the quality of Soviet scientific 
research. The contact we have through 
the bilaterals has left no doubt as to 
Soviet excellence in fields that matter to 
us, including metallurgy, condensed 
matter physics, theoretical physics, as- 
trophysics, geophysics, and cancer re- 
search. Nobody is arguing that the ex- 
changes should involve security-related 
fields of science. Elsewhere, in fields 
where both sides are equally good, it is 
to our country's advantage to pursue the 
exchanges. The DOD paper shows an 
extremely disappointing grasp of what 
the exchanges are all about. 

If I seem exercised by the position 
taken by the Defense Department in 5a- 
viet Military Power it is because I am 
exercised. In particular, that position 
strikes in a deadly way at the depen- 
dence of scientific progress on open 
communication and shared information. 
Our own military pov/er will be dimin- 
ished, not enhanced, if the wellheads of 
scientific communication are sealed and 
new knowledge confined in silos of se- 
crecy and prior restraint. 



Mr. CarluccPs reply 

This is in reply to your recent letter in 
which you state that the Department of 
Defense (DOD) views the inter-Acade- 
my exchanges, student exchanges, sci- 
entific conferences and symposia, and 
the entire professional and open litera- 
ture as inherently adverse to U.S. mili- 
tary security interests. 

Be assured the DOD is well aware of 
how scientific practice is conducted and 
fully recognizes the importance of unim- 
paired scientific communications to the 



mutual benefit of all parties concerned. 
In our considered view, however, the 
exchanges to date, in the main, have not 
been reciprocal. Rather, it is quite appar- 
ent the Soviets exploit scientific ex- 
changei as well as a variety of other 
means in a highly orchestrated, centrally 
directed eflfort aimed at gathering the 
technical information required to en- 
hance their military posture. 

Because of the importance I attach to 
this complex issue, I want to respond in 
somt detail and thus ask your indul- 
gence. Illustnttive examples follow 
which, at least in part, indicate the basis 
for our concern. 

The energy bilateral agreement began 
with 14 subtopics. The U.S. promised 
and delivered the large magnet and mag- 
netohydrodynamics (MHD) channel de- 
tails as well as a great deal of information 
on other topics. The Soviets promised 
but did not deliver data on geothermal 
energy and energy resources, consump- 
tion, production, and forecasting. Con- 
sequently, the U.S. Department of Ener- 
gy has been curtailing its participation. 
The only topic still active is the one on 
MHD. 

Under the S&T bilateral agreement, 
the Soviets had been sending large num- 
bers of scientists to the U.S. in the field 
of chemical catalysis, but the U.S. was 
gaining virtually nothing m return. Con- 
sequently, in 1980 the U.S. terminated 
the one-sided exchange. It now appears, 
however, the Soviets will try to use the 
inter-Academy exchange or other means 
to acquire the information they deem 
vital. 

Another example of their persistence 
was demonstrated in the electrometallur- 
gy subtopic of the science and technolo- 
gy bilateral agreement. The Soviets 
wanted to establish an exchange in the 
fields of superplasticity and fracture me- 
chanics. A concerned U.S. government 
scientist succeeded in stopping the ex- 
change in these militarily related topics. 
However, it was dismaying later to find 
that the Soviets had acquired the infor- 
mation under the auspices of a new sub- 
topic on corrosion. 

One of the provisions common to 
many of the government-to-government 
bilateral agreements encourages the es- 
tablishment of separate agreements be- 
tween individual companies in the west 
and entities of the Soviet government, 
primarily the State Committee for Sci- 
ence and Technology and the Ministry of 
Power Engineering. These are some- 
times referred to as the '^Article IV" 
Agreements and in the case of the U.S. 
involve a large number of companies that 
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are among the world's leaders in areas in 
which we know the Soviets to be defi- 
cient. The degree of concern with this 
situation was such that previous poHcy 
vas altered to the extent that the Export 
Administration Act of 1979 now requires 
that companies file notice with the De- 
partment of Commerce when such agree- 
ments are signed. 
. We also have evidence that the Sovi- 

ets are misusing scholarly exchanges. In 
the area of graduate student and young 
faculty exchanges, administered by the 
International Research and Exchange 
Board (IREX), the U.S. sends young 
master's and doctoral level students, 
mostly in humanities, primarily to two 
universities, Moscow St te and Lenin- 
grad State. For the most part, the USSR 
sends senior, experienced, technical 
people. Almost all possess Kandidat de- 
grees; some come from closed military 
research institutes, and attend any of a 
hundred or so U.S. universities. In ac- 
cordance with the openness of our socie- 
ty, Soviet students are granted academic 
freedom and, with almost automatic gov- 
ernment approval, can travel practically 
at will. Conversely, American students 
in the Soviet Union are much more iso- 
lated and restricted in their travel and 
professional contacts. 

Soviet weakness is not in basic re- 
search, which, as you point out, is on the 
whole excellent. Rather their weakness 
is in putting technology into production. 
Il is therefore not surprising to us that 
the scientists the Soviets nominate are 
often directly involved in applied mili- 
tary research. For example, in 1976-77 
S. A. Gubin's course of study involved 
the technology of fuel-air explosives. 
Mr. Gubin studied this topic at one of 
our leading universities under a profes- 
sor who was a consultant to the U.S. 
Navy on fuel-air military explosive de- 
vices. As a parenthetical comment, one 
must admire their ability to determine so 
precisely where to send their "stu- 
dents." Gubin, incidentally, during his 
stay ordered numerous documents per- 
taining to fuel-air explosives from the 
U.S. National Technical information 
Service. Wnen he finished his study, he 
returned to his work in the USSR devel- 
oping fuel-air explosive weapons. 

In the case of K. H. Rozhdestvensky, 
it was not until several months after his 
departure that we learned his research 
paper was concerned with the '*wing-in- 
ground effect" aerodynamic vehicle. 
This vehicle has significant potential mil- 
itary applications and indeed, the Sovi- 
ets have been attempting to develop a 
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wing-in-ground effect machine for quite a 
number of years. 

T. K. Bachman, a psychologist, came 
to study the interface between man and 
machine. In the opinion of U.S. re- 
searchers, this field was directly applica- 
ble to the design of heads-up displays 
which optimize the amount of data pre- 
sented visually to a military weapon sys- 
tem operator. Bachman attended several 
very significant conferences on this topic 
and was able to observe state of the art 
demonstrations of such work funded by 
the Department of Defense. 

This graduate student/young faculty 
exchange is such that each year it is 
recommended that at least one-half the 
.oviet nominees not be allowed to pur- 
sue their desired topic of study at all or 
that significant modifications be made in 
their study program. This is because the 
information the Soviets seek is either 
embargoed by law or militarily sensitive. 
Hence our concern. 

In the senior scholar exchange pro- 
gram also administered by IREX, each 
side sends a number of scholars for a 
total of 50 man-months pci* year. As with 
the graduate student/young faculty pro- 
gram, the Soviets nominate physical sci- 
entists, while the U.S. nominates schol- 
ars specializing in the arts, literature and 
history. Until a few years ago, most 
Soviets in this program conducted very 
basic research. No objections were 
voiced to such courses of study. Cur- 
rently, practically all the Soviet nomi- 
nees propose to study in fields having 
militaiy application. Some examples of 
proposed research topics in 1981 are: 

• Properties of adhesive joints of poly- 
mers. 

• Macromolecular materials and com- 
posite materials (two nominees). 

• Preparation of micro-tunnel diodes 
in gallium arsenide by annealing and/or 
molecular beam epitaxy. 

• Theory of computer science and 
programming methodology. 

• Thin-film metals in semiconductor 
technology. 

• Semiconductor and infrared technol- 
ogy, ion implantation, radiation defect 
analysis and infrared detector techniques 
and materials. 

• Machinability of difficult to machine 
materials. 

Largely as a result of dissident physi- 
cist Andrei Sakharov's ill treatment, the 
U.S. Academy of Sciences imposed a 
moratorium on joint symposia and ether 
high level contact with the Soviet Acade- 
my of Sciences. Nonetheless, individua< 
exchanges are still permitted and the 
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Soviets continue to nominate scientists 
to study and conduct research in topics 
that are either embargoed or militarily 
sensitive. Of 25 scientists nominated by 
the Soviets during 1980, II topics pro- 
posed offered a significant potential for 
loss of critica' U.S. technology. There 
was a somewhat lesser, but nevertheless 
real, degree of concern over the remain- 
ing 14 topics. 

With regard to scientific conferences 
and symposia, the Department of De- 
fense has become increasingly con- 
cemeu over the type and volume of 
defense-related information openly pro- 
vided. As you will undoubtedly recall, 
the concern has been such that Soviet 
Bloc scientists were prevented from at- 
tending the First International Confer- 
ence on Bubble Memory Materials and 
Process Technology, and the Conference 
on Laser and Electro-optical System?/ 
Iner^al Confinement Fusion early in 
1980. This denial was precipitated by the 
revelation that Hungarian physicist, 
Gyorgy Zimmer, provided the Soviets 
the scientific knowledge on magnetic 
bubble memories gained as a result of his 
frequent visits to U.S. laboratories. A 
thorough review then followed which 
resulted in an official U.S. policy re- 
stricting Soviet attendance at U.S. con- 
ferences and symposia. This policy was 
widely publicized in a number of scien- 
tific journals. 

With regard to professional and open 
literature, U.S. and western applied and 
basic research papers are usually quite 
explicit in explaining their purpose and 
are published promptly and without cen- 
sorship. The author's affiliation and the 
sponsor of the research are almost al- 
ways provided. This is contrasied with 
Soviet and other Communist country 
publications where the purpose and goal 
are usually not mentioned or deliberately 
obfuscated. Authors' affiliations fre- 
quently are not provided and the sponsor 
of the research is rarely identified. In 
addition all articles are subject to censor- 
ship. 

I would also point out that it is and has 
been for many years U.S. policy to make 
available all unclassified government 
sponsored research to anyone in the 
world at very nominal cost through the 
National Technical Information Services 
(NTIS) of the Department of Commerce. 
Similar Soviet research holdings are 
maintained by the All-Union Institute of 
Scientific and Technical Information 
(VINITI) which is jointly administered 
by the State Committee for Science and 
Technology and the Soviet Academy of 



216 



Sciences. The NTIS assisted the Soviets 
in setting up VINITI under the auspices 
of the bilateral agreement on Science and 
Technology, yet the holdings of VlNITl 
are not released to anyone outside the 
Soviet Union. 

Other examples abound, but I trust 
that these will suffice to provide you with 
the context within which our views were 
framed. The Department of Defense fa- 
vors scientific, technical and educational 
exchanges and the free exchange of ideas 



in basic and fundamental science. How- 
ever, since the military posture of this 
nation relies so heavily on its technical 
leadership, the Defense Department 
views with alarm the blatant and persist- 
ent attempts, some of which have just 
been described, to siphon away our mili* 
tarily related critical tecnnclogies. I note 
this is precisely your point when you 
state "nobody is arguing that the ex- 
changes should involve security-related 
fields of science/' By the very nature of 



our open and free society, we recognize 
that we will never be able to halt fully the 
flow of militarily critical technology to 
the Soviet Union. Nevertheless, we be- 
lieve that it is possible to inhibit this flow 
without infringing upon legitimate scien- 
tific discourse. I hope that this letter has 
allayed your concerns and look forward 
to additional views you may wish to 
oflfer. 




Fundamental science in the United States 
is a successful venture, but a peculiar one. 
Its success is attested by the dramatic in- 
crease in scientific awards won by Amer- 
icans and by the contributions it makes to our 
technological productivity. Its peculiarity 
lies m the organizational arrangements for its 
sustenance. It is an actr»;ty pursued in one 
culture, supported out of another: more than 
two-thirds of the nations's fundamental sci- 
ence is done in the research universities, 
with the government sponsoring nearly all of 
it. Given the contrast in style and values be- 
tween the two cuhures, it is hardly surprising 
that this patronage arrangement sometimes 
generates quarrels. The current one is a de- 
bale over the government's efforts to regu- 
late scholarly activities related to critical 
technologies. 

The problem is that the Communist bloc 
nations have obtained and then copied U.S. 
innovations in military technology The 
solution proposed by the Administration- 
based on the hypothesis that these leaks part- 
ly involved academic exchanges— is that 



universities restrict the access of foreign stu- 
dents and visitors to, and dissemination of 
research resuhs in, certain fields of study. 
These restrictions are sought by applying to 
fundamental research regulations originally 
intended for devices or industrial processes. 

The universities have countered that if un- 
patrolled academic visits and the partici- 
pation of foreign students in research pro- 
grams contribute to technology leakage, they 
do so minimally, and that interdicting aca- 
demic exhange would therefore yield trivial 
benefits to national security. We have also 
emphasized the potential damage to the 
scientific enterprise from government efforts 
to restrict its openness — especially when 
these coincide with efforts of private spon- 
sors to expand secrecy for proprietary rea- 
sons. It surely will be difficult to resist the 
latter if we are forced to accept the former. 

There is, fortunately, encouraging prog- 
ress to report. The Department of Defense 
has created a forum with the universities to 
examine research restrictions, among other 
things The National Academ> of Sciences 



will be studying the matter as well. The De- 
partment of State and the Department of 
Commerce are responsible for the regula- 
tions under which the current restrictions 
have been mandated. The State Department 
has revised its instructions on the handling of 
Soviet visitors, so that their academic hosts 
will not be required to shield them from ex- 
posure to particular unclassified projects. 
That department, which is responsible for 
the International Traffic in Arms Regula- 
tions, has also adopted an appropriately nar- 
row view of their scope. We are informed 
that the regulations will apply only to techni- 
cal data significantly and directly related to 
specific items on the Munitions List — the 
limitation set out by the United States Court 
of Appeals for the Ninth Circuit in U.S. v. 
Edier Industries. 

These arc promising signs of change, and 
they should be encouraged; there are other 
ways to meet our national security objective. 
If a Soviet scientist is viewed with such 
alarm that universities must be asked to 
police his visit, then the Department of State 
can apply visa controls. And if a technology 
has such military value that exposure in an 
open environment presents clear risks to 
national security^ the government can clas- 
sify the technology— thereby permitting the 
universities to decide in advance whether 
they can accept the restrictions that come 
along with the work. But to apply a burden- 
some set of regulations to a venture that has 
gained such great strength through us open- 
ness will cost the nation more ihan it can be 
worth. 
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In the mellow last days of August, even as 
the National Academy of Sciences' panel on 
Scientific Communication and National 
Security rolled up its sleeves to woric on its 
report, our military authorities launched a 
surprise strike resulting in the suppression of 
papers scheduled to be read at a major con- 
ference on optical instrumentation. 

Exercising its oversight of Defense- 
funded research and development contracts, 
the military summarily embargoed the pre- 
sentation of about 100 papers whose titles in 
a number of instances unwisely included lan- 
guage suggestive of military applications. 
Although the affair is being smoothed over, 
there can be little doubt that the continued 
prospects for open discussion of leading- 
edge unclassified work now dwell in a no- 
man's-land of confusion and disarray, sub- 
ject to further incursions at any time. The 
humiliation visited on the sponsoring engi- 
neering society is no small matter and one 
that will be taken to heart by other scientific 
and engineering organizations. Of more sig- 
nificance, if the raid at San Diego was more 
than an aberrant case of fractured communi- 
cations, is an emergent tilt toward reliance 



upon preemptive powers. Should this be so, 
we are seeing a new face of the defense re- 
search funding system which, over many 
decades, contributed on an enviable scale to 
the open search for and sharing of knowl- 
edge. 

Such a transformation would go far to 
undo the postwar terms of reference that 
assured comity and stability to relationships 
between the scientific and technical com- 
munities and the defense establishment. If 
acceptance henceforth of Defense Depart- 
ment support for significant but unclassified 
woric must carry with it implicit or explicit 
acquiescence in the suppression of dis- 
closure, will scientists and engineers be pre- 
pared to travel that road with the specter of 
ambushment no farther distant than the next 
professional meeting? What conference 
planner will consider inviting foreign partici- 
pants lest they be suspected carriers of un- 
classified tidings to delight an insatiable 
KGB? 

It is not just the unfortunate handling of 
the affair at San Diego that is unnerving. The 
timing is no lesb to be deplored. What has 
been needed is a breathing spell to reduce the 



tensions and the controversy of last winter, 
and an opportunity for balance to be struck 
between the needs for national security and 
the requirements for scientific and technical 
communication. The latest failure of re- 
straint undeniably constitutes a setback to 
peacemaking efforts. 

The relationships between the government 
and the scientific and technical communities 
continue to be sorely troubled as the fixation 
on the "hemorrhage" of technology hardens. 
Even as the pipeline war has unsettled the 
Atlantic diplomatic consensus, it appears 
that the crucial domestic consensus between 
science and national defense is being tested 
severely. It becomes increasingly clear that a 
formula must be found to set up an in- 
stitutional umpire with authority to see to it 
that checks and balances are put in place and 
understood on both sides. It will not do to 
continue to have a variety of government 
agencies taking matters into their own hands 
without coordination indifferent to the con- 
sequences. 

There is one other, and quite vital, point 
that must not be lost sight of. When a proper 
concern for the national security is burdened 
by clumsy execution, something is sub- 
tracted from the fundamental respect that is 
owed the necessary goal of safeguarding de- 
fense secrets. Once confidence in the Judg- 
ment and the management of the security 
process is shaken, its integrity is served bad- 
ly. The defense authorities have very good 
reason to know that the scientific community 
has proved its respect for the national secur- 
ity through three hot wars and a long cold 
war. That respect must be reciprocated. 




On 24 September 1982. this statement 
was presented to His Holiness, Pope 
John Paul II, by an assembly of presi- 
dents of scientific academies and other 
scientists from all over the world con- 
vened by the Pontifical Academy of Sci- 
ences to consider the issue of nuclear 



warfare. 

L Preamble. l*hroughout its history, 
humankind has been confronted with 
war, but since 1945 the nature of warfare 
has changed so profoundly that the fu- 
ture of the human race, of generations 



yet unborn, is imperilled At the same 
time, mutual contacts and means of un- 
derstanding between peoples of the 
world have been increasing. This is why 
the yearning for peace is now stronger 
than ever. iMankind is confronted today 
with a threat unprecedented in history, 
arising from the massive and cohipetitivc 
accumulation of nuclear weapons. The 
existing arsenals, if employed in a major 
war. could result in the immediate deaths 
of many hundreds of millions of people, 
and of untold millions more later through 
a variety of aftereffects. For the first 
time, it is possible to cause damage on 
such a catastrophic scale as to wipe out a 
large part of civilization and to endanger 
its very survival. The large-scale use of 
such weapons could trigger major and 
irreversible ecological and genetic 
changes, whose limits cannot be predict- 
ed. 
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Science can offer the world no real 
defense against the consequences of nu- 
clear war. There is no prospect of mak- 
ing defenses sufficiently effective to pro- 
tect cities since even a single penetrating 
nuclear weapon can cause massive de- 
struction. There is no prospect that the 
mass of the population could be protect- 
ed against a major nuclear attack or that 
devastation of the cultural, economic, 
and industrial base of society could be 
prevented. The breakdown of social or- 
ganization, and the magnitude of casual- 
ties, will be so large that no medical 
system can be expected to cope with 
more than a minute fraction of the vic- 
tims. 

There are now some 50,000 nuclear 
weapons, some of which have yields a 
thousand times greater than the bomb 
that destroyed Hiroshima. The total ex- 
plosive content of these weapons is 
equivalent to a million Hiroshima 
bombs, which corresponds to a yield of 
.some 3 tons of TNT for every person on 
earth. Yet these stockpiles continue to 
grow. Moreover, we face the increasing 
danger that many additional countries 
will acquire nuclear weapons or develop 
the capability of producing them. 

There is today an almost continuous 
range of explosive power from the small- 
est battlefield nuclear weapons to the 
most destructive megaton warhead. Nu- 
clear weapons are regarded not only as a 
deterrent, but there arc plans for their 
tactical use and use in a general war 
under so-called controlled conditions. 
The immense and increasing stockpiles 
of nuclear weapons, and their broad dis- 
persal in the armed forces, increase the 
probability of their being used through 
accidenl or miscalculation in times of 
heightened political or military tension. 
The risk is very great that any utilization 
of nuclear weapons, however limited, 
would escalate to general nuclear war. 

The world situation has deteriorated. 
Mistrust and suspicion between nations 
have grown. There is a breakdown of 
serious dialogue between the East and 
West and between North and South. 
Serious inequities among nations and 
within nations, shortsighted national or 
partisan ambitions, and lust for power 
are the seeds of conflict which may lead 
to general and nuclear warfare. The 
scandal of poverty,-hunger. and degrada- 
tion is in itself becoming an increasing 
threat to peace. There appears to be a 
growing fatalistic acceptance that war is 
inevitable and that wars will be fought 
with nuclear weapons. In any such war 
there will be no winners. 

Not only the potentialities of nuclear 



weapons, but also those of chemical, 
biological, and even conventional weap- 
ons are increasing by the steady accumu- 
lation of new knowledge. It is therefore 
to be expected that also the means of 
nonnuclear war. as horrible as they al- 
ready are. will become more destructive 
if nothing is done to prevent such a war. 
Human wisdom, however, remains com- 
paratively limited, in dramatic contrast 
with the apparently inexorable grow th of 
the power of destruction. It is the duty of 
scientists to help prevent the perversion 
of their achievements and to stress that 
the future of mankind depends upon the 
at ,;eptance by all nations of moral princi- 
ples transcending all other consider- 
ations. Recognizing the natural rights of 
humans to survive and to live in dignity, 
science must be used to assist human- 
kind towards a life of fulfillment and 
peace. 

Considering these overwhelming dan- 
gers that confront all of us. it is the duty 
of every person of good will to face this 
threat. All disputes that we are con- 
cerned with today, including political, 
economic, ideological, and religious 
ones, are small compared to the hazards 
of nuclear war. It is imperative to reduce 
distr 1st and to increase hope and confi- 
dence through a succession of steps to 
curb the development, production, test- 
ing, and deployment of nuclear weapons 
systems, and to reduce them to substan- 
tially lower levels with the ultimate hope 
of their complete elimination. 

To avoid wars and achieve a meaning- 
ful peace, not only the powers of intelli- 
gence are needed, but also the powers of 
ethics, morality, and conviction. 

The catastrophe of nuclear war can 
and must be prevented. Leaders and 
governments have a grave responsibility 
to fulfill in this regard. But it is human- 
kind as a whole which must act for its 
survival. This is the greatest moral issue 
that humanity has ever faced,, and there 
is no time to be lost. 

n. In view of these threats of global 
nuclear catastrophe, we declare. 

• Nuclear weapons arc fundamentally 
different from conventional weapons. 
They must not be regarded as acceptable 



instruments of warfare. Nuclear warfare 
would be a crime against humanity. 

• It is of utmost importance that there 
be no armed conflict between nuclear 
powers because of the danger that nucle- 
ar weapons would be used. 

• The use of force anywhere as a 
method of settling international conflicts 
can entail the risk of military confronta- 
tion of nuclear powers, 

• The proliferation of nuclear weap- 
ons to additional countries seriously in- 
creases the risk of nuclear war and could 
lead to nuclear terrorism. 

• The current arms race increases the 
risk of nuclear war. The race must be 
stopped, the development of new. more 
destructive weapons must be curbed, 
and nuclear forces must be reduced, with 
the ultimate goal of complete nuclear 
disarmament. The sole purpose of nucle- 
ar weapons, as long as they exist, must 
be to deter nuclear war, 

III, Recognizing that excessive con- 
ventional forces increase mistrust and 
could lead to confrontation with the risk 
of nuclear war, and that all differences 
and territorial disputes should be re- 
solved by negotiation, arbitration, or 
other peaceful means, we call upon all 
nations: 

• Never to be the first to use nuclear 
weapons: 

• To seek termination of hostilities 
immediately in the appalling event that 
nuclear weapons are ever used: 

• To abide by the principle that force 
or the threat of force will not be used 
against the territorial integrity or politi- 
cal independence of another state; 

• To renew and increase efforts to 
.'•each verifiable agreements curbing the 
arms race and reducing the numbers of 
nuclear weapons and delivery systems. 
Thest agreements should be monitored 
by the most effective technical means. 
Political differences or territorial dis- 
putes must not be allowed to interfere 
with this objective; 

• To find more effective ways and 
means to prevent the further prolifera- 
tion of nuclear weapons. The nuclear 
powers, and in particular the s'jperpow- 
ers, have a special obligation to set an 
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example in reducing armaments and to 
create a climate conducive to nonprolif- 
eration. Moreover, all nations have the 
duty to pre vent the diversion of peaceful 
uses of nuclear energy to the prolifera- 
tion of nuclear weapons; 

• To take all practical measures that 
reduce the possibility of nuclear war by 
accident, miscalculation, or irrational ac- 
tion. 

• To continue to observe existmg 
arms limitation agreements while seek- 
ing to negotiate broader and more effec- 
tive agreements. 



IV, Finally, we appeal: 

1) To national '.aders. to take the 
initiative in seeking steps to reduce the 
risk of nuclear war. looking beyond nar- 
row concerns for national advantage; 
and to reject military conflict as a means 
of resolving disputes. 

2) To scientists, to use their creativity 
for the betterment of human life, and to 
apply their ingenuity in exploring means 
of avoiding nuclear war and developing 
practical methods of arms control. 

3) To religious leaders and other cus- 
todians of moral principles, to proclaim 



forcefully and persistently the grave hu- 
man issues at stake so that these are 
fully understood and appreciated by so- 
ciety. 

4) To people everywhere, to reaffirm 
their faith in the destiny of humankind, 
to insist that the avoidance of war is a 
common responsibility, to combat the 
belief that nuclear conflict is unavoid- 
able, and to labor unceasingly towards 
insuring the future of generations to 
come. 
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A recent report (/) on the network of 
statutes and regulations which have been 
invoked by government officials to re- 
strain unclassified research and travel 
and publication by academic researchers 
concluded that these restrictions abridge 
academic freedom significantly beyond 
the needs of national security. It wr.s 
also argued that the nation's security is 
ill-served by the restrictions in that barri- 
ers to learning from others, as well as the 
suppression of innovative work whenev- 
er its originality might be useful even to 
the industrial or technological progress 
of other nations, are necessarily discour- 
aging to the maintenance of research 
leadership within the United States. 

A recent event tends to justify such 
criticism. A university professor submit- 
ted two papers for presentation, and 
subsequent publication, to the 26th An- 
nual Technical Symposium of the Socie- 
ty for Photo-Optical Instrumentation En- 
gineers meeting in San Diego in August 



1982. The professor's research, support- 
ed by a grant from the Air Force, was not 
classified, in accordance with the univer- 
sity's stated policy **to undertake only 
those research projects in which the pur- 
pose, scope, methods, and results can be 
fully and freely discussed." As he had 
done routinely in the past, the professor 
also sent the papers to the program offi- 
cer in the Air Force who told him. a 
week before the symposium, that his 
papers had not been cleared and there- 
fore should not be presented. The pro- 
fessor, while vigorously protesting, with- 
drew the papers. 

Certain research conducted in univer- 
sities may have immediate and direct 
national security implications. Some of 
that work is undertaken pursuant to De- 
partment of Defense contracts. Universi- 
ties generally recognize that such ar- 
rangements may compromise their com- 
mitment to academic freedom, and they 
vary in their policies respecting the wis- 
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dom and acceptability of such arrange- 
ments. The American Association of 
University Professors (AAUP) has 
thought it inappropriate to condemn fac- 
ulties and universities for making such 
arrangements per se, but it has regularly 
expressed concern that inconsistency 
with respect to academic freedom is a 
genuine danger that all academic institu- 
tions should weigh carefully in the re- 
search and restrictions they accept. 

The implication of the earlier report (/) 
was to favor a limited classification sys- 
tem, to the extent that it might minimize 
uncertainty and provide a less random 
threat to academic freedom. Ideally, a 
clear and circumspect classification sys- 
tem should state what research and pub- 
lication must necessarily be treated in 
confidence according to needs of nation- 
al security that are plain and compelling. 
It should enable universities and their 
faculties to make informed decisions 
about their research. Very diflferent, and 
strongly objectionable, is a classification 
system that sweeps 'vithin it virtually 
anything that might conceivably be use- 
ful industrially, technically, or militarily 
to at least someone and that is ac minis- 
tered by officials who feel compelled to 
classify as secret any information about 
which they have doubts. 

Here we review briefly the recent 
changes introduced into the classifica- 
tion system by Executive Order 17356, 
issued by President Reagan on 2 April 
1982. A recent rep:rt of the National 
Academy of Sciences Panel on Scientific 
Communication and National Security 
(2) concluded that a national policy of 
security through openness is much pref- 
erable to a policy of security by secrecy. 
We agree. We believe the enlargement of 
the classification system as stated in 
Executive Order 12356 is seriously mis- 
taken. It poses an unwarranted threat to 
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academic freedom and hence to scien> 
tific progress and the national security. 



Summary of Recent Changes 

Executive Order 12356 is the most 
recent presidential executive order pre- 
scribing a system for classifying and de- 
classifying information on the basis of 
national security concerns. President 
Franklin Roosevelt issued the first such 
order in 1940. Succeeding executive or- 
ders were signed by Presidents Truman. 
Eisenhower, Nixon, and Carter. In their 
details, these earlier executive orders 
differed on such matters as what infor- 
mation was to be classified, for what 
period of time, and according to what 
standards. Their similarities, however, 
are more noteworthy than their differ- 
ences. They sought to preserve the pub- 
lic's interest in the free circulation of 
knowledge by limiting classification au- 
thority, by defining precisely the pur- 
poses and limits of classification, and by 
providing procedures for declassifica- 
tion. 

By contrast. Executive Order 12356 
significantly broadens the authority of 
government agencies to classify informa- 
tion as secret. It removes a previous 
requirement for classification that dam- 
age to the national security be identifi- 
able. It resolves doubts about the need to 
classify in favor of classification. It per- 
mits indefinite classification. It provides 
for reclassification of declassified and 
publicly released information. It expands 
the categories of information subject to 
classification to include nonclassified re- 
search developed by scientific investiga- 
tors outside the government. 



Main Provisions 

The preamble to Executive Order 
12356 states that the "interests of the 
United States and its citizens require 
that certain information concerning the 
national defense and foreign relations be 
protected against unauthorized disclo- 
sure." To prevent "unauthorized disclo- 
sure." the order establishes three levels 
of classification: top secret, secret, and 
confidential. The standards for top se- 
cret and secret are the same as in previ- 
ous executive orders. However. Execu- 
tive Order 12356 omits the earlier quali- 
fying word 'identifiable" in describing 
the damage to the national security that 
can justify classification at the lowest, or 
confidential, level. The text reads: "con- 
fidential shall be applied to information. 



the unauthorized disclosure of which 
reasonably could be expected to cause 
damage to the national security." At a 
congressional hearing, a Deputy Assist- 
ant Attorney General explained the dele- 
tion of the requirement of identifiability 
as follows: 

Every new qualifier or adjective, such as 
'identifiable." added to the requirement of 
showing "damage" or any other requisite 
element of proper classification, raises new 
uncertainties or areas of ambiguity that may 
lead to litigation. . . . {T]he requirement of 
"identifiable" damage may be construed to 
suggest that disclosure must cause some spe- 
cific or precise damage, a requirement that 
the government might not reasonably be able 
to meet in some cases. . . . Provisions of such 
orders should be simple, general, less com- 
plex and require no more precision than the 
subject mailer reasonably allows. The re- 
quirement of ''identifiable" damage fails on 
all these counts. 

In the event that a government official 
is uncertain about the security risk of 
some information, the doubt will be re- 
solved in favor of classification pending 
a final determination within 30 days. In 
addition, if there is doubt about the level 
of classification, the information will be 
classified at a higher level, also pending a 
final decision within 30 days. Once the 
information is classified, it can remain so 
at the discretion of government officials 
"as long as required by national security 
considerations." There is no provision in 
Executive Order 12356 for justifying the 
need for classification beyond a stated 
period of time. (President Nixon's exec- 
utive order called for automatic declassi- 
fication after 30 years, unless it was 
determined that continued classification 
was still necessary and a time for eventu- 
al declassification was set; President 
Carter's executive order established a 6- 
year declassification period.) The latest 
order makes no comment on whether 
declassifying information is generally de- 
sirable. 

If information is declassified, it may be 
reclassified under Executive Order 
12356 following the requirements for 
classification. Information that .las been 
properly declassified and is in the public 
domain apparently may remain "under 
the control" of the government (the or- 
der defines information as "any informa- 
tion or materials . . . that is owned by. 
produced by or for. or is under the 
control of the United States Govern- 
ment") and thus can be reclaimed by the 
government. 

The executive order provides for limi- . 
tations on classification. It states that 
"basic scientific research information 
not clearly related to the national securi^ 
ty may not be classified." Early drafts of 



the order had not included this provi- 
sion; it first appeared in the executive 
order issued by President Carter. It was 
retained mainly as a result of protests 
from the scientific community. Howev- 
er, it is not clear what this provision 
actually safeguards. 

Sanctions for violations of the execu- 
tive order may be imposed on the gov- 
ernment's "contractors, licensees, and 
grantees." 



Comments 

National security obviously requires 
some classification of information as se- 
cret. It is also obvious that freedom to 
engage in academic research and to pub- 
lish the results is essential to advance 
knowledge and to sustain our democratic 
society. 

The possibility for friction between 
classification and academic freedom is 
always there. The friction can be re- 
duced if classification is invoked before 
research has begun and is cautiously 
applied for a limited period of time and 
only to matters of direct military signifi- 
cance. Classification defeats its own pur- 
pose, however, if it imperils the freedoms 
it is meant to protect. In our judgment* 
Executive Order 12356 does exactly that. 
It gives unprecedented authority to gov- 
ernment officials to intrude at will in con- 
trolling academic research that depends 
on federal support. It allows classification 
to be imposed at whatever stage a re- 
search project has reached and to be 
maintained for as long as government oflfi- 
cials deem prudent. Academic research 
not bom classified may, under this order, 
die classified. 

The provision in the executive order 
that "basic scientific research informa- 
tion not cleariy related to the national 
security may not be classified" carries 
the suggestion that it may be classified if 
It is determined by the government to be 
"clearly related to the national securi- 
ty." This standard for classification is 
looser still than "could be expected to 
cause damage to the national security." 
We may be reading too much into this 
provision; we hope that it will be inter- 
preted as an exemption and nothing 
more. Unfortunately, even with its most 
favorable gloss it is a weak safeguard for 
scientific inquiry. The government offi- 
cial who cannot fix a clear relationship 
between scientific research and national 
security but nonetheless has doubts 
could still classify government ^unded or 
contracted research consistent with oth- 
er provisions in the executive order. 
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In the pursuit of knowledge, academic 
researchern should not have to look 
backward either in hope of favor or in 
fear of disfavor. In an era of reduced 
federal support for research except in the 
area of national security, and with in- 
vestments m research programs and fa- 
cilities significantly reliant on previously 
allocated federal funds, academic re- 
searchers are under great pressure to 
submit to classification no matter how 
restrictive or apparently arbitrary the 
demand. The adverse effects on academ- 
ic freedom and thus on the advancement 
of knowledge and on the national securi- 
tv can be grave. 

The executive order can inhibit aca- 
demic researchers from making long- 
term intellectual investments in research 
projects that are potentially classifiable. 
It can serve to foster unnecessary dupli- 
cation of research efforts. It is likely to 
inhibit the sharing of research methods 
and results with professional colleagues, 
because something that a government 
ofiicial can call harmful to the national 
security might unwittingly be revealed. 



Classification, or the worry that it might 
be imposed, could result in the isolation 
of academic researchers, cut off from the 
free exchange of ideas and exposure to 
constructive criticism. Those concerned 
in government with the uses of new 
knowledge are not likely to obtain the 
benefit of the widest possible evaluation 
of their plans and projects. All of these 
consequences of the executive order are 
likely to be felt outside as well as within 
the field of research in which classifica- 
tion is imposed. 

The government has not put forward 
any compelling reasons for instituting a 
system of classification that is so at odds 
with previous systems. The govern- 
ment's own reports, including reports 
issued by the Department of Defense, 
seriously question the cost, effective- 
ness, and need for more classification. 
They draw particular attention to the 
dangers of overclassification. 

Executive Order 12356 requires dras- 
tic revision in order to be tolerable to a 
community of scholars committed to free 
inquiry. The application of the order to 



nonclassified information, which is al- 
ready subject to potential restraints un- 
der existing laws and regulations, is at 
best superfluous. The heavy emphasis 
on classification is misplaced: the provi- 
sion for reclassification should be re- 
moved and the standards for classifica- 
tion rewritten so that they do not sweep 
unnecessarily broadly and thereby sig- 
nificantly threaten academic freedom. 

If the government's executive order or 
its successor continues to deny due rec- 
ognition to the need of the independent 
research scholar for academic freedom, 
the cost will be borne not only by the 
researchers who are affected but by the 
nation as a whole. 
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It is now apparent that the American 
scientific community is approaching a 
critical point in its relations with the 
federal government. Until recently, the 
conduct of most scientific work in this 
country proceeded on a well-founded 
assumption that it would remain free 
from official intrusion or state regulation 
(/). Since 1979, however, the federal 
government has frequently acted in the 
name of national security to impose re- 
straints on important aspects of the sci- 
entific endeavor. Most notably, in an 
effort to curb the export of ^'militarily 
useful** technologies, the Administration 
has applied the existing set of export 
controls to domestic scientific sympo- 
siums, university research programs, 
and even the presentation of scientific 
papers (2, pp. 97-107; i-5), 
. This effort to restrict the dissemination 



of applied scientific knowledge has 
sparked heated debate. The government 
maintains that the normal avenues of 
scientific communication often contrib- 
ute to a "technology leakage" that en- 
hances the military capabilities of the 
Soviet Union (6. 7). What underlies this 
view is the belief that the American 
military must depend on the technologi- 
cal superiority of its weapons systems to 
offset the quantitative superiority of the 
Soviet Union (6,, 7). The critics charge 
that restraints on scientific expression 
are both ineffectual as a means of curb- 
ing the transfer of technology and incon- 
sistent with the requirements of scien- 
tific progress (2, pp. 42-45; 4, 8). In this 
view, America*s technological suprema- 
cy is due in large part to policies that 
promote the free circulation of scientific 
and technological information. 



The debate has thus far addressed the 
government's effort to control the export 
of applied scientific knowledge as a 
broad question of public policy. It seems 
likely, however, that the major issues in 
the controversy will soon be tested un- 
der narrower, legal principles in a court 
of law. If bo, the government will almobt 
certainly rely on one of two congressio- 
nal statutes as authority for its restraints 
on the transmission of technological 
knowledge. 

One of the statutes is the Arms Export 
Control Act (9), which empowers the 
State Department to license the export of 
all military articles listed in the Interna- 
tional Traffic in Arms Regulations (10). 
As defined by those regulations, the rele- 
vant articles consist not only of war- 
making devices such as aircraft and ex- 
plosives but also of *'any information" 
used in the production of military arms 
{10, sect. 125.01), Equally important, the 
regulations broadly construe the term 
**export" to include the noncommercial 
transmission of information in domestic 
settings such as scientific symposiums 
UO, sect. 125.03; //). 

The other statute is the Export Admin- 
istration Act of 1979 (/2), which differs 
from the arms regulations in two re- 
spects. First, it authorizes the Com- 
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merce Department to license the export 
of **dual use" technologies that are sub- 
ject to both military and civilian applica- 
tions. Second, it deals principally with 
the export of technologies to **controlled 
countries** such as the Soviet Union, 
Poland, and East Germany. Like the 
arms regulations, however, the Export 
Administration Act restricts the domes- 
tic release of any information used in the 
production of commodities having a mili- 
tary value {13), Furthermore — and again 
like the arms regulations— the Export 
Administration Act imposes stiff crimi- 
nal penalties on those who willfully vio- 
late its licensing requirements {12, sect. 
2410). 

In these statutes Congress has provid- 
ed considerable authority for govern- 
mental restraints on the export of '*mil- 
itarily useful** technologies. This fact 
alone, however, will not end the legal 
inquiry in cases where the government 
has invoked the statutes to restrict the 
open, domestic communication of ap- 
plied scientific knowledge. On the con- 
trary, in such a case, a major issue will 
arise concerning the validity of the legis- 
lation under the free-speech clause of the 
First Amendment. 

To resolve this type of issue, the Su- 
preme Court has consistently relied on a 
well-defined analytical fra'^ework de- 
signed to determine whether the state*s 
interest in regulation is sufficiently im- 
portant to justify an abridgment of First 
Amendment freedoms. In the rest of this 
article, I will examine the ways in which 
the Court*s mode of analysis can accom- 
modate the difficult First Amendment 
issues arising from the imposition of re- 
straints on the open, domestic communi- 
cation of technological knowledge {14). 



First Amendment Fundamentals 

Like other guarantees in the Bill of 
Rights, the free-speech clause of the 
First Amendment stakes out a zone of 
individual freedom by identifying a spe- 
cific activity to be protected against un- 
warranted governmental intrusion. The 
enforcement of such guarantees is left to 
the Supreme Court, the branch of gov- 
ernment removed from public account- 
ability and vested with the power to 
invalidate official acts that encroach on 
the protected freedoms. This power of 
judicial review, however, carries the risk 
that the Court will frustrate the demo- 
cratic process by freely substituting its 
own preferences for the enacted will of 
the public*s elected representatives. Ac- 
cordingly, under prevailing constitution- 



al theory, the Court*s power is properly 
exercised only when its decisions are 
rigorously based on principles derived 
from the text of the Constitution (/5, 16). 

These larger considerations have often 
guided the Court in deciding cases aris- 
ing under the free-speech clause of the 
First Amendment. Rejecting the notion 
that all speech is absolutely immune 
from official regulation, the Court has 
determined the degree of protection to 
be accorded to various categories of 
expression by looking to the major val- 
ues that underlie the free-speech guaran- 
tee. These values, according to the 
Court, can be summarized in three prop- 
ositions. First, the right of free speech 
advances the citizen*s interest in self- 
fulfillment by enabling him to realize his 
full potential through the free expression 
of opinions, beliefs, and ideas. Second, 
the guarantee of free speech serves an 
important social function by promoting 
the widest possible circulation of socially 
useful information. Finally, the right of 
free speech is essential to a democratic 
form of government, for it ensures that 
all information bearing on various policy 
issues is fully disseminated to the public 
(/7, 18). 

Though the Court has not yet adjudi- 
cated the issue, it seems clear that scien- 
tific communications contribute to each 
of these interests and thus warrant as 
much protection as political tracts, liter- 
ary works, or any other variety of 
speech. Indeed, a system of free scien- 
tific expression not only enables scien- 
tists to draw on the work of colleagues 
but also tests the validity of hypotheses 
against current data and opposing vie ^s. 
In these ways, it promotes the discovery 
of scientific truth and fosters the intellec- 
tual advances that contribute to the col- 
lective wisdom (2, pp. 42-45; !9,,20). 

In the case of purely technical data, 
however, more difficult questions arise. 
For example, does technical information 
having only military uses warrant the 
same degree of constitutional protection 
as political speech or basic scientific 
knowledge? In all likelihood the Court 
will answer in the negative, for it has 
previously held that analogous "lesser** 
forms of expression do not stand on the 
same constitutional footing as more tra- 
ditional varieties of speech. For exam- 
ple, the Court has held that commercial 
advertising occupies a ''subordinate po- 
sition in the scale of First Amendment 
values** and thus warrants only a "limit- 
ed measure** of constitutional protection 
(2/,: 22, pp. 651-656). 

Most forms of technological knowl- 
edge, however, are subject to a wide 
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range of uses, some of which have mili- 
tary value but most of which contribute 
directly to the material welfare of the 
community. This point is cleariy illus- 
trated by many of the "militarily criti- 
cal** technologies that have been cited 
by the Department of Defense — for ex- 
ample, laser technology, semiconduc- 
tors, computer hardware, and infrared 
technology {23), Given the obvious so- 
cial value of such technological achieve- 
ments, the Supreme Court will probably 
hold that the broad category of techno- 
logical knowledge warrants a full mea- 
sure of constitutional protection, while 
noting an exception for information that 
is subject only to military applications 
(19). 

Once this larger question is decided, 
the Court will not assess the social value 
of the technical data at issue in a given 
challenge to a governmental restraint. 
Rather, it will simply note that the infor- 
mation in question falls within the cate- 
gory of fully protected speech and will 
then turn its attention to the govern- 
ment*s countervailing interest in regula- 
tion. At this point, a crucial issue will 
arise: given the strong constitutional pre- 
sumption in favor of free speech, just 
what burden of proof must the state 
carry to justify its imposition of re- 
straints on the information? Or, to put it 
in legalistic terms, what standard of re- 
view will the Court apply to the govern- 
ment's stated justification for the chal- 
lenged restrictions? 



Determining the Standard of Review 

To determine the relevant standard of 
review, the Court will focus on two 
broad questions. First, does the govern- 
ment have a possessory interest in the 
underlying information? If so, the Court 
will apply a mere "reasonableness'* 
standard to any governmental restraints 
imposed on government employees in an 
effort to preserve the secrecy of the data. 
Thus, for example, in Snepp v. United 
States, a recent case involving a book 
published by a former CIA agent, the 
Court broadly upheld the state*s power 
to impose ''reasonable restrictions** on 
the dissemination of governmental infor- 
mation obtained by government employ- 
ees {24). In addition, the Court pointedly 
noted that this general principle applies 
"even in the absence of an express 
agreement** between the government 
and the employee (25, p. 507). 

In like manner, the Court will proba- 
bly sustain any reasonable restraints im- 
posed on the dissemination of informa- 
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tion resulting from the government-fund- 
ed research of private parties. Indeed, in 
such a case, the government's restraints 
v^ill likely be upheld on either of two 
grounds: (i) the state, by financing the 
underlying research, acquires a property 
interest in the resulting information or 
(ii) the researcher, by accepting the pub- 
lic financing, agrees to restrictions that 
might otherwise be constitutionally im- 
permissible U9, 26). 

On the other hand, if the state at- 
tempts to regulate th" dissemination of 
nongovernmental information by private 
parties, the Court will apply a far more 
demanding standard of review. In such a 
case, the weight of the state's burden 
will be determined by a second line of 
judicial inquiry focusing on the precise 
way in which the government has re- 
stricted the free-speech right. 

On this issue, there are two major 
possibilities: either the state has imposed 
a **subsequent punishment" — usually in 
the form of criminal penalties — on indi- 
viduals who have already published the 
restricted information, or it has blocked 
the dissemination of ihe data by issuing a 
"prior restraint/* In the case of a subse- 
quent punishment, the Court will uphold 
the action only if the state can demon- 
strate a **compel!ing'* interest in regula- 
tion (22, p. 602; 27)— a burden of proof 
that stands as the modern analog of the 
well-known "clear and present dangei*' 
test formulated by Oliver Wendell 
Holmes {28). In the case of a prior re- 
straint, the Court will apply an even 
more demandmg standard of review, 
smce the government is seeking to block 
the timely dissemination of information 
and ideas. Indeed, on the evidence of the 
so-called Pentagon Papers decision 
[New York Times v. Unhed States) the 
Court will uphold the restraint only if the 
government can show that a **grave** 
and **irre parable" harm will almost sure- 
ly result from publication of the data in 
question (29). 

Clearly, under either standard of re- 
view the state is faced with an exceed- 
ingly difficult task. Nevertheless, the 
Court has indicated that in some **excep- 
tionaP' cases, principally in the area of 
national security, the government's in- 
terest in regulation may be sufficient to 
warrant a direct infringement on fully 
protected speech (29). The remaining 
question, therefore, is: Just how will the 
C!ourt assess the importance of the 
state's concerns to determine whether 
they are adequate to justify an abridg- 
ment of First Amendment freedoms? 



Weighing the State's 
Interest in Regulation 

The Court has held that the strength of 
the government's interest in regulation is 
determined in large part by two indepen- 
dent factors: the natu:^ cf the harm that 
the state is seekmg tv avert and the 
likelihood of its occurrence {30, p. 843). 
In particular, wie crucial inquiry centers 
on whether the **gravily of the *evil,' 
discounted by its improbability, justifies 
such invasion of the free speech right as 
is necessary to avoid the danger" {31). 
With this approach, the seriousness of 
the threatened danger will affect to some 
extent the showing required of the gov- 
ernment on the "likelihood of occur- 
rence." 

The Court has long recognized that 
**no governmental interest is more com- 
pelling than the security of the Nation" 
and that this interest sometimes requires 
the state to protect the secrecy of certain 
kinds ^ '-^formation {24). On the facts of 
a givci, - however, the state could 
not rely on the mere assertion of a na- 
tional security threat, for the Court will 
make its own inquiry into the nature and 
magnitude of the harm said to result from 
publication of the data at issue {30, p. 
843). 

The state's argument on this score will 
undoubtedly stress the unique nature of 
technical knowledge and, in particular, 
the unique way in which this variety of 
speech can harm the public. Under clas- 
sic First Amendment theory, most forms 
of human communication contribute to 
the larger social exchange of opinions, 
beliefs, and ideas and do not threaten in 
any way the material welfare of the soci- 
ety. Indeed, on this theory, the speech of 
an individual generally cannot cause any 
harm to the community except by influ- 
encing others to adopt an erroneous or 
misguided position. The theory further 
holds that the government has no genu- 
ine interest in suppressing a **danger- 
ous" idea, since the alleged error or 
fallacy can be exposed through an addi- 
tional exchange of views (22, pp. 605- 
606; i2). 

These general considerations, hoA'ev- 
er, do not always apply to technological 
knowledge, which often gives rise to 
dangers of a more immediate and tangi- 
ble kind. In particular, technical know- 
how, although rarely contributing to the 
general exposition of ideas, often confers 
the power to alter the material conditions 
of life in important new ways, some of 
which may prove harmful (79, 20, 33). 



For example, in the case of new technol- 
ogies having military applications, the 
underlying know-how can provide a hos- 
tile nation with the capability of commit- 
ting harmful acts it would not otherwise 
be able to commit. 

This point was clearly underscored by 
the decision of a federal district judge in 
United States v. The Progressive {34). In 
that case, the government asked the 
judge to enjoin a magazine from publish- 
ing an article outlining the design of a 
hydrogen bomb. In granting the injunc- 
tion, the judge stressed that the case 
differed in important ways from the Pen- 
tagon Papers case, which dealt with a 
classified history of the Vietnam War 
(29). Most notably, according to the 
judge, the case before him concerned 
'information dealing with the most de- 
structive weapon in the history of man- 
kind, information of sufficient destruc- 
tive potential to nullify the right to free 
speech and to endanger the right to life 
itse'F' (34). Thus convinced that publica- 
tion "could pave the way for thermonu- 
clear annihilation of us all," the judge 
found that the government had met its 
heavy burden of justifying a prior re- 
straint {34, 35). 

In the case of nonnuclear technolo- 
gies, the government has also invoked 
the name of national security to limit the 
dissemination of technical information 
having possible military applications. 
For example, at a recent international 
symposium on optical engineering, the 
Department of Defense blocked the pre- 
sentation of a large number of unclassi- 
fied papers on topics ranging from micro- 
electronics to infrared technology (2, pp. 
106-107; 36). In so doing, the depart- 
ment underscored its concern that ad- 
vanced work in **critical" technologies 
could aid a foreign adversary in the de- 
velopment of more effective weapons 
systems {36). The National Security 
Agency has recently monitored the ef- 
forts of research cryptographers to de- 
velop undecipherable computer commu- 
nication codes (2, pp. 120-125). Accord- 
ing to agency officials, the free publica- 
tion of this work could threaten the 
inviolability of codes used by the Ameri- 
can military or provide a hostile power 
with an impenetrable communication 
systen^ (2, p. 123: 7). 

In t/ie light of these examples, it is 
useful to rank the various types of na- 
tional security information according to 
the nature and magnitude of the dangers 
posed by the resulting capability. This 
effort applies, however, only to those 




2?S 



224 



cases in which the goveniiiient has first 
demonstrated two important points: (i) 
that the information at issue is indeed 
subject to the asserted d ngerous use 
and (ii) that the information is not cur- 
rently available to the receiving nation 
from another source (79). 

Assuming these facts can be estab- 
lished, the most serious danger would 
arise from technical capabilities that 
could alter in major ways the current 
balance of international military power. 
This category would include technolo- 
gies that directly conferred on the Soviet 
Union a new offensive capability or an 
effective countermeasure to American 
weapons systems. It would also include 
technologies that exposed the United 
States to new threats by providing a 
smaller adversary with a destructive 
power that it had not possessed before. 

These are examples of **sudden and 
disastrous giveaways'* [37). There are 
other capabilities that, if acquired by a 
hostile nation, could result in a number 
of lesser harms to the nation's security. 
Most significant is the wide range of 
militarily useful technologies that could 
enable a foreign adversary to add incre- 
mentally to its current military strength 
by (i) directly improving the perform- 
ance of its weapons systems, (ii) enhanc- 
ing its communications network* or (iii) 
increasing its knowledge of American 
military capabilities {38). Examples of 
such technologies are electrooptical sen- 
sors, solid rocket propulsion systems, 
satellite technology, navigation and guid- 
ance subsystems, microprocessors, and 
microelectronics (2, pp. 18-20; 6, ^p. 5- 
15). 

A less immediate harm would result 
from technologies that enabled a foreign 
adversary to improve its military re- 
search and development. The most sig- 
nificant are technologies associated with 
the use of the computer for correlating 
experimental data with theoretical mod- 
els [39). Other well-defined technical 
methodologies are used to **guarantee 
reliability, explore the limits of design, 
and reveal new phenomena that can af- 
fect the next generation of weapons*' 
(39). 

A slightly different harm to national 
security would result from technologies 
that enabled a foreign power to upgrade 
its manufacturing capability in industries 
of military importance. For example, mi- 
croelectronics and computer technolo- 
gies are important in the development of 
in-flight guidance systems (6, p. 13), 
while precision ball bearings are impor- 
tant in the production of missiles and 
^other military hardware (6, p. 7). 
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Finally, it is possible that the export of 
some technical capabilities could under- 
mine foreign policy goals that are closely 
linked to the nation's security. The ex- 
port of some types of technical knowl- 
edge, for instance, might undermine a 
trade embargo designed to influence the 
international behavior of the Soviet 
Union. 

Turning to the question of the likeli- 
hood of occurrence, the Court will ad- 
dress the probability that a third party 
will use the information at issue to devel- 
op the new capability. This line of inqui- 
ry will consider both the complexity of 
the technology and the skills of the re- 
ceiving nation. The need for the inquiry 
arises in part from the fact that the 
impersonal transmission of technical 
knowledge is rarely an effective method 
of transferring technology {38\ 40, p. 29). 
As a general rule, the normal channels of 
intellectual communication convey only 
the broad outlines of technical design 
and theory (40, pp. 67-73). What is usu- 
ally not published or codified is the body 
of associated know-how that constitutes 
the art of the technology (40, p. 73), 
typically including methods of operation, 
organization, and manufacturing proce- 
dures. This is particularly true of emerg- 
ing technologies with few previous appli- 
cations (40, pp. 73-74). 

Accordingly, the Court's inquiry into 
the likelihood of occurrence will focus 
on the ability of the receiving nation to 
absorb the knowledge at issue and put it 
to use. For example, if the receiving 
nation has a high level of technical ex- 
pertise in the relevant area, the govern- 
ment could show with virtual certainty 
that that nation will put the information 
to an immediate military use. If the re- 
ceiving nation lacks any of the needed 
skills or resources, the state could show 
only a possibility that the knowledge will 
be put to a significant use in the foresee- 
able future. 

Together with the gravity of the threat- 
ened harm to national security, the 
Court's finding on the likelihood of oc- 
currence will generally determine wheth- 
er the state's interest in regulation is 
suflficient to warrant the restriction of 
First Amendment rights. Assume, for 
instance, that the government can show 
that the Soviets have sufficient skills 
to acquire a new military capability by 
exploiting an American breakthrough 
in directed energy weaponry. On these 
facts, the Court will no doubt agree that 
the government's concerns are suffi- 
ciently compelling to warrant an abridg- 
ment of First Amendment freedoms. 
This will probably hold true, moreover, 
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even if the government concedes that the 
Soviets will eventually acquire the capa- 
bility anyway, since the maintenance of 
a military lead time can be highly advan- 
tageous (41). On the other hand, if the 
threatened hai'hi to the nation's security 
is less serious, the state's case will be 
correspondingly weakened, and all the 
more so if the receiving nation is shown 
to lack the requisite skills or resources to 
absorb the technology. 



Less Restrictive Alternatives 

The crux of conventional First 
Amendment analysis lies in the Court's 
effort to determine whether the restrict- 
ed information gives rise to a substantial 
danger and thus warrants governmental 
regulation. However, if this issue is re- 
solved in the state's favor, the Court will 
pursue a further line of inquiry focusing 
on the government's regulatory tech- 
nique. In particular, the Court will deter- 
mine whether the restraints on speech 
imposed by the state are more extensive 
than necessary to serve its underlying 
concerns (42). Accordingly, even if the 
government can demonstrate a **compel- 
ling" interest in regulation, the Court 
will invalidate the challenged restraints if 
it finds that a **less restrictive alterna- 
tive" could serve the asserted interest 
equally well. 

A useful illustration of this principle is 
offered by Central Hudson v. Public 
Service Commission of New York (43). 
In that case, the Public Service Commis- 
sion of the state of New York issued an 
order prohibiting all public utilities from 
promoting the use of electricity. The 
commission reasoned that such a ban 
would decrease the demand for electric- 
ity and thus further the state's interest in 
the conservation of energy resources. 
The Supreme Court agreed that this in- 
terest was suflficient to warrant some 
restriction of commercial speech but 
found that the state's blanket prohibition 
was more extensive than necessary to 
further that interest. The Court noted, 
for example, that the commission's or- 
der prevented utilities from promoting 
electrical services that would reduce 
energy consumption by diverting de- 
mand from less efficient sources. On this 
ground, therefore, the Court found that 
the commission's order was unconstitu- 
tional. 

This type of inquiry might well be- 
come relevant if recent proposals to alter 
the export control statutes are passed 
into law. For example, under one such 
proposal • /V), the Arms Export Control 



Act would be amended to cover commu- 
nications of any kind— technical or oth- 
erwise—dealing with any of a broad 
range of restricted technologies (4), This 
type of regulation, however, would 
clearly be more extensive than necessary 
to safeguard the nation's security* since 
many communications dealing with the 
restricted technologies have no military 
value. Consequently, any regulatory 
scheme based on this proposal would be 
subject to a stern First Amendment chal- 
lenge on the grounds that there are less 
restrictive alternatives. 

Conclusion 

What is most striking about the 
Court's method of First Amendment ad- 
judication is that it takes into account 
virtually all the commonsense percep- 
tions that have informed the general poli- 
cy debate on the government's eflfort to 
control the export of scientific and tech- 
nical knowledge. Indeed, if the Court 
applies its standard analysis to this issue, 
it will not only give due weight to the 
value of scientific freedom but will also 
examine critically the nature and magni- 
tude of the threatened harm to national 
security. In addition, it will address a 
variety of other considerati >ns, such as 
the technical skills of the receiving na- 
tion and the reasonableness of the regu- 
latory technique. By incorporating each 
of these factors into a method of adjudi- 
cation that formally allocates the burden 
of proof, the Court's approach provides 
a well-defined analytical framework for 
accommodating the claims of scientific 
freedom with the legitimate interests of 
national security. 
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It has been said, perhaps loo often and too 
loudly, that science is an objective process 
one that is value-fTte. In our time, when sci- 
ence is being employed most conipicuously 
as an adjunct of potitics and strategic nation- 
al purposes, a vacuum of internal values 
tends to be invaded by prevailing external 
values. Not surprisingly, the eventual 



recognition of what is taking place produces 
a level of discomfort that expresses itself, 
within the strictures of science's methodolo- 
gies, in concerted displays of scientific re- 
sponsibility. The conscience of science 
comes, a step at a time, to life. 

Despite admonitions from Rome that be- 
lieving scientists have the duty to look them- 



selves in the eye when they apply brainpow- 
er to weapons systems, scientists arc jus- 
tified in doing what is necessary to offset the 
unmistakable progress of an unpredictable 
adversary. But what must be added is that 
scientific responsibility has another dimen- 
sion, and it is to look squarely at the con- 
sequences of violence in the application of 
scientific knowledge. 

It has been a very good thing for the in- 
tegrity of science, and a sign of courage, that 
some 40 scientists of high standing have 
gone public with their considered estimates 
of the global atmosphenc effects and long- 
term biological consequences of nuclear 
warf/). Whether such a weapons exchange 
would be small or vast in its scale, they be- 
lieve, the effects on the biosphere would be 
lasting and literally deadly. In effect, life.* 
support systems would be cut, and the di- 
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minishcd surviving populations would have 
little chance in a darkened and sunless en- 
vironment. 

Some four decades ago in the heat of war 
and its enforced secrecy, scientists prepared 
the nuclear weapons that wc» exploded 
without warning upon civilian populations. 
It says a good deal for the emergence of the 
scientific conscience that, in a difficult age 
of superpower hatreds and technological 
gusto, the present warning is timely, un- 
varnished, and stark. Nor is it the first of its 
kind. Health scientists have made clear the 
absurdity of assuming that there would be a 
medical care system after a major attack and 
have been stumping the country to put the 
message across. 

There remains the question of who is 
listening and how deeply these warnings 
penetrate and adhere to the nation's thought. 



For a few days, the news of potential 
biological catastrophe is the stuff of media 
prominence, only to be quickly displaced by 
the next catastrophe. The society is ex- 
hausted and news-numbed. No special ses- 
sion of the U.N. General Assembly is called 
to digest and reflect on the appalling mean- 
ings of the scientists' findings. If alarms 
have shaken the American and Soviet tacti- 
cians ostensibly seeking a breakthrough in 
nuclear arms control negotiations, it is a 
well-kept secret. The drift continues, and the 
worid is ablaze with "small" wars and threats 
of larger ones. What does this signal to con- 
cerned scientists? For all that is obvious 
about science as a universal force, as a 
trusted partner in the works of society and 
governments, can it be supposed that science 
cannot make a difference in the one matter 
that transcends all the others? This is not a 



conclusion that scientists will swallow, 
tmong the endless arguments centering 
arms control agreements, no issue is more 
vexing than thai of verifying compliance, es- 
pecially as new weapons are promised to the 
arsenals of both sides. What the cluster of 
scientists concerned with biological effects 
have done very well is to nail down, as far as 
scientific method can do it. the probabilities 
of consequences of an exchange of nuclear 
weapons on the biosphere. Even allowing for 
the constraints imposed on scientific opinion 
in the Soviet Union, it is fair to assume that 
the same conclusions are held in that quarter. 
Here, then, is a new basis for dialogue and 
for an alternative run at restraint. It is a run 
worth making. 
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U.S. scientists and engineers are generally 
aware that federal funding for R&D for the 
military has increased sharply in recent 
years. What is less appreciated is that federal 
♦.'unding for the rest of the nation's R&D 
etfd has considerably Jecreased. Using 
words from a classic phiase, R&D funding 
for "guns" is up and R&D funding for "but- 
ter" is down. 

The National Science Foundation com- 
pilation (I) of federal R&D funding for fiscal 
years 1980 through 1984 by budget function, 
corrected for inflation with official deflators 
(fiscal 1984 IS set at 100). reveals the follow- 
ing in billions of constant dollars 



Figures for fiscal 1983 and 1984 are es- 
timates. However, the opposite trends of 
support are obvious. NSF lists 15 non- 
defense budget functions that obtain federal 
support for R&D. Of these, only one. gener- 
al science, which is primarily basic research, 
shows an increase in constant do'* rs be- 
tween fiscal 1980 and 1984. the 4 in- 
crease is a modest 7 percent. In P dent 
Reagan's recent budget proposals for K&D 
for fiscal 1985. the dominance of funding for 
the military continues. 

The rapid increase in R&D for the military 
is not surprising; it was almost inevitable, 
given the large expansion of military 



budgets. The surprise is the magnitude of the 
decrease in support of nondefcnse R&D. 
This has occurred in the face of rising con- 
cern about the international competitiveness 
of our industries and ihe need for in- 
creasingly innovative U.S. technology. One 
response to these concerns was passage of 
the Economic Recovery Tax Act of 1981, 
which provided U.S. industry with a 25 per- 
cent annual tax credit for incremental R&D 
expenditures. Partly as a result, industry 
funding of R&D rose between 1980 and 
1984 at about 6 percent per year in constant 
dollars. 

There are fields of effort where contribu- 
tions by industry are small or fragmented and 
where federal support of R&D is essential. 
These include health (other than drugs), en- 
ergy, housing, agriculture, environmental 
protection, and natural resources. Basic re- 
search, which supplies the fundamental 
knowledge on which industrial R&D builds, 
also requires federal support, since in- 
dustry's contribution is slight. 

Will the pressure for increased mJitary 
R&D ease soon? The answer is almost surely 
no. since large increases in budgets for the 
military are proposed for the next several 
years, and there is no reason to expect the 
fraction for R&D to decrease. The most like- 
ly future is intensified pressure on all other 
feden ' budgets, including those for R&D. 
What men is to be done to obtain more ade- 
quate federal support for civilian R&D? 
Three efforts suggest themsv/ves: develop 
more persuasive arguments to federal agen- 
cies and Congress on the need for more sup- 
port for R&D in nonmiliiary areas, empha- 



Catcgory 



Total R&D 
National defense 
All other R&D 



1980 1981 



$39 0 S39 2 
S19.4 S2I.7 
SI9.6 $17.5 



Fiscal year budget 



1982 1983 



S39 6 $40 4 
S24 2 S26 2 
$15 4 $14.2 



Incnrasc 
I98(KI984 
1984 i^A) 

$45 7 17 
$32 0 65 
$13.7 -30 
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size the need for more basic research, partic- 
ularly in areas that supply the scientific base 
for our industries; and urge greater effective- 
ness in the federal government's civilian 
R&D support programs, with less emphasis 
on such nssearch spectaculars as the Manned 



Space Laboratory and tighter constraints on 
the burgeoning expenditures for military 
R&D. 

Scientists and engineers have a particular 
responsibility to undersund these problems 
and make their recommendations known. 



What is at stake is the future prospcnty of 
our nation. 

RBFERENCHS AND NOTES 

I Sarncf Resources Studtes Htghhfihts. NSF 8.V323. 
14 October 1983 
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In recent years. U.S. national security 
has come to depend increasingly on lead 
time over its adversaries in areas of high 
technology — that is. areas in which tech- 
nological progress is closely related to 
advances in basic science. Many of these 
technologies (for example, high-speed 
electronics and computer-based encryp- 
tion techniques) have commercial as well 
as military applications. This has led 
some in the past and current administra- 
tions to fear that the open U.S. research 
community could become a source of 
militarilv significant technology to the 
Wars;*' Pact. 

Such concerns were reflected both in 
policy proposals ^nd public pronounce- 
ments aimed in part at the scientific 
community. Public statements in earl> 
1982 included warnings by senior offi- 
cials in the Department of Defense, the 
Department of Commerce, and the Cen- 
tnl Intelligence Agcnc> that Soviet mili- 
tary intelligence might find easy access 
to sensitive information through what 
one c'Mled the '*soft underbelly * repre- 
sented by the American academic com- 
munity (/). 



Conflicting Perspectives on the Problem 

There are shaiply differing views with- 
in our society regarding the extent of 
technology loss and the best solutions to 
the problem. Some interests speak with a 
louder and more effective voice than 
others in terms f the formulation of 
Administration policy, recognizing that 
there is a good deal of overlap i.. the 
emphasis accorded by each. 
Clearly, what lies at the heart of public 



debate is concern over the loss of mili- 
tary advantage the United States might 
suffer if it does not block the efforts of 
the Soviet Union and its allies to gain 
access to Western science. Some who 
are concerned with national security be- 
lieve the speed and seriousness of this 
technology transfer require new policies 
and reassessment of current regulations. 
The concern here is really twofold. First, 
by targeting Western research, the War- 
saw Pact countries avoid a large part of 
the massive R&D investment the Unit- 
ed States has committed to the develop- 
ment of sophisticated military systems. 
Second, the nature of the research pro- 
cess in nonclassified settings has 
changed, with the result that universities 
in particular are now becoming increas- 
ingly airaclive targets for foreign intelli- 
gence efforts. Those sharing this concern 
argue that the imposition of limited con- 
Crols IS preferable to classification, which 
would remove such work enlirel*^ from 
the campus. They suggest that, when 
universities choose to accept the pres- 
ence of defense-related research on cam- 
pus, for whatever mix of intellecf.ial and 
economic motivations, controls must be 
considered part of the price. 

A second perspective focuses on the 
critical importance of maintaining vigor- 
ous, open scientific communication both 
within the borders of the United States 
and across international boundaries. Ac- 
cording to this view. even limited restric- 
tions on the free f)ow of information 
affect feedback, delay the discovery of 
errors and duplication, hinder critical 
evaluation of scientific eflcrts, and, as a 
result, undermine the pace of scientific 
discovery. The price of achieving short- 
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term security by restricting the commu- 
nication of ideas and information would 
be the pace and effectiveness of both our 
research effort and the transfer of 
research into application. This perspec- 
tive argues, in sum. that secrecy about 
existing knowledge can never replace the 
development of new ideas as a 'neans of 
protecting national security. 

Those adhering to this view also sug- 
gest that openness pays dividends of 
other kinds. For one thing. U.S. efforts 
to limit the flow of information by re- 
stricting scientific exchanges with the 
Soviet Union inevitably will limit the 
flow of information from them to us. Not 
only does American science benefit from 
these interactions, but it can also be 
argued that for intelligence purposes 
they help gauge accurately the state of 
Soviet scientific advancement. 

A third perspective focuses on the 
educauonal impacts of restrictions on 
access to and dissemination of scientif- 
ic and technological information. Here 
again there are two separate arguments. 
First, those who provide advanced sci- 
entific and technical training point out 
that it is functionally impossible to sepa- 
rate completely education from research 
activities. Moreover, if the only experi- 
ence a young scientist or engineer gains 
is in the classroom, rather than che labo- 
ratory, the next generation of American 
investigators will be substantially less 
prepared to maintain the superior levels 
of productivity and achievement that 
have characterized the U.S. scientific 
effort since Worid War II. 

But there is another important dimen- 
Mon to the educational perspective, the 
cost to the U.S. academic system of 
excluding foreign nationals from sensi- 
tive areas of science and technology. 
The number of foreign s'.udents in higher 
education in the United States increased 
substantially during the 1970's, at both 
the undergraduate and graduate levels. 
Among the factors underlying this trend 
were increased foreign demand and m- 
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creased recruitment of foreign students 
by U.S. institutions in order to augment 
domestic enrollment (Fig. 1). The d^ta 
are even more striking at the postdoctor- 
al level (Fig. 2). The postdoctoral sector 
is particularly significant because it is a 
major source of junior faculty and re- 
search talent in many American universi- 
ties. 

A fourth major view is that expressed 
by private industry. Many leaders of 
U.S. technology-based industries have 
argued that if industries arc to adapt to 
rapidly changing business conditions, 
they must have access to scientific and 
technological information from all parts 
of the worid. Beyond the loss of informa- 
tion, industrial leaders express concern 
about other economic impacts resulting 
from a lack of openness, including regu- 
latory costs, loss of sales, loss of reliabil- 
ity as a trading partner, and reductions in 
the pace of innovation. 

A fifth voice in the debate may be 
characterized somewhat broadly as the 
constitutional and cultural perspective. 
Many concerned about the continued 
vitality of the American political system 
believe it can flourish only in an atmo- 
sphere of openness. First, they point out 
that fundamental conslilulional ques- 
tions may be raised when the govern- 
ment seeks to restrict the rights of citi- 
zens to speak or to publish. It is argued 
that freedom of speech is not just a legal 
right, it is essential to the maintenance of 
an informed electorate. Second, it is 
suggested that visits by Soviet and East 
European scientists expose them to the 
U.S. culture and political system which, 
over time, may contribute to political 
and social change within the Warsaw 
Pact. 



Key Findings and Recommendations 
of the Corson Panel 

In spring 1982 discussions between 
representatives of the National Research 
Council and the DOD led to the estab- 
lishment of an ad hoc panel of the Com- 
mittee on Science, Engineering and Pub- 
lic Policy (COSEPUP), chaired by Cor- 
nell University preside it-ementus Dale 
R. Corson. The panel included scien- 
tists, former defense and national securi- 
ty officials, and research administrators 
in industry and universities (2). Its man- 
date was to examine the evidence of 
technology leakage and methods for con- 
trolling it, and to seek policy measures 
by which the competing national goals of 
national defense and intellectual freedom 
^^uld be accommodated satisfactorily. 



After reviewing evidence on the bene- 
fits and costs of control measures, the 
panel concluded that a national strategy 
of "security by secrecy'' would weaken 
American technological capabilities, be- 
cause there is no practical way to restrict 
international scientific communication 
without also disrupting domestic scien- 
tific communication. A national strategy 
of '^security by accomplishment'' — one 
that emphasizes protecting the U.S. 
technology lead by promoting scientific 
productivity — has far more to recom- 
mend it (i). 

The panel heard extensive briefings by 
the intelligence community, some at high 
levels of classification. While noting that 
the available evidence left much to be 
desired, the panel reported that it had 
found no case of significant damage to 
security associated with lesearch dis- 
semination (i, pp. 13 and 41). The panel 
also added two caveats. First, it ob- 
served that the evidence on leakage and 
the associated damage to U.S. security 
was still only fragmentary and anecdotal, 
Ui part because the problem had only 
recently been identified (i, p. 14). Sec- 
ond, it pointed out that Soviet intelli- 
gence efforts were extensive and that 
universities and other resea'-ch sites 
were indeed targeted. It also noted (but 
took no position on) intelligence commu- 
nity arguments that research facilities 
are likely to be more heavily targeted in 
the future (3, p. 21). 

The panel suggested that the class of 
research information of greatest poten- 
tial concern is not the explicit findings in 
research reports but rather know-how — 
the detailed understanding of equipment 
use or operational procedures normally 
gained only by direct participation in a 
research project (i. p. 42). It follows that 
protection of sensitive research informa- 
tion is achieved better by preventing 
sustained access to research projects 



than by preventing dissemination of writ- 
ten research reports. 

The Corson Panel examined five types 
of control mechanisms: (i) classification, 
(ii) export control regulations, (lii) con- 
trols on foreign visitors, (iv) restrictions 
on government contracts, and (v) volun- 
tary prcpublication clearance. Its general 
review of these mechanisms led the pan- 
el to two broad conclusions: 

1 ) Where controls are deemed neces- 
sary, the government should use con- 
tract restrictions in preference to export 
control regulations. The contract mecha- 
nism has the advantage of informing a 
researcher of his or her obligations in 
advance while leaving application in the 
hands of the most technically qualified 
government personnel. Export controls, 
devised for controlling the movement of 
tangible objects, are ill-suited to the con- 
trol of information flow. 

2) The government's effort is uncoor- 
dinated and spread too broadly across 
too many diverse technologies to be 
practicable. An effort spread this thin 
cannot be effectively administered, and 
it raises unnecessary fears among re- 
searchers working in areas with no mili- 
tary relevance. The panel suggested that 
the government adopt a strategy of build- 
ing "tall fences arouiid narrow areas"; 
contract controls, for example, should 
be restricted to a few gray areas that 
justifiably cannot be either classified or 
completely open. It defined such tech- 
nologies as those in which all of four 
criteria apply (i. p. 49). 

• the technology is developing rapidly, and 
the time from basic science to application is 
short. 

• ihe technology has identifiable direct mil- 
itary apphcations. or it is dual-use and in- 
volves process or prciuction-related tech- 
niques. 

• transfer of the technology would give the 
U.S.S R a significant near-term military ad- 
vantage, and 



Fig 1 Percentage of foi eign 
siudents in full-time, graduate 
science and engineering pro- 
grams in doctorate-granting in- 
stitutions. 1974 and 1979 
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• the United States is the only source of 
information about the technology, or other 
friendly nations that could also be the source 
have control systems as secure as ours. 

The Corson report was released on 30 
September 1982. and it was received 
favorably by top Administration offi- 
cials, university administrators, and oth- 
er members of the U.S. science policy 
community. 



The Situation in 1984 

More than 18 months have elapsed 
since the Corson report was issued. 
Much of the hope that surrounded its 
release has faded and there have been at 
least four attempts to formulate a new 
policy: 

1) An interagency review of the Cor- 
son report's implications has yet to be 
completed. The effjrt began with Na- 
tional Security Study Directive 14 82 
(now renumbered as NSSD 1-83), which 
was signed by President Reagan and 
issued by then National Security Advi- 
sor William Clark in December 1982, 
The terms of the review have twice been 
altered, and there have been multiple 
changes of personnel at the Office of 
Science and Technology Policy (OSTP), 
which is responsible for coordinating a 
major section of the report. In addition 
the study hab been conducted at the 
classified level without the benefit of 
outside input. It is not known how the 
product, reportedly near completion, 
compares in scope or substance with the 
effort originally requested by the Presi- 
dent. OSTP officials see an advantage in 
the release of some sort of unclassified 
document, but they are unsure as to 
either the date of its public availability or 
Its comprehensiveness. 

2) Given the delays m the interagency 
policy review, the Department of De- 
fense (DOD) has moved to complete an 
mternui policy review that was begun 
in 198 L Accordingly, a Steering Com- 
mittee on Technology Transfer was es- 
tablished within DOD to focus on con- 
tracts, visa cont.ols, emerging technolo- 
gies, scientific conferences, publica- 
tions, and rules for exemption to ihe 
Freedom of Information Act. The work 
of the Steering Committee and its sub- 
panels has now been largely completed 
and its recommendations are being im- 
plemented. 

3) A provision included in the 1984 
Defense Authorization Act permits the 
Secretary of Defense to protect certain 
kinds of unclassified technical data in the 
Possession or under the control of the 
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DOD that otherwise would be subject to 
release to foreign nationals under the 
terms of the Freedom of Information 
Act. Additional proposals have been cir- 
culated within the DOD to seek broader 
authority to protect sensitive technical 
data produced by other federal agencies 
(for example, NASA or the Department 
of Energy) by facilitating their transfer to 
DOD control, 

4) A Presidential directive. ''Safe- 
guarding National Security Information'' 
(NSDD 84), was issued in March 1983, 
That directive would have required both 
government officials and those under 
contract to the government with access 
to sensitive compartmented information, 
which is information classified at levels 
above top secret, to submit for prepubli- 
cation clearance anything they write that 
bears upon national security matters. 
The directive was withdrawn m Febru- 
ary 1984 after substantial opposition 
arose in the Congress and among the 
general public. 

While the various intra- and inter- 
agency policy studies have been under 
way. a series of incidents have occurred 
over the past 16 months similar to those 
that provided the original impetus for 
creation of the Corson panel. The princi- 
pal distinction between now and the pre- 
Corson environment is that most of the 
incidents relate to the withdrawal of pa- 
pers from meetings, rather than the deni- 
al or restriction of \isas or other restric- 
tions. 



The Development of Controls 

Since the early I940\, the federal gov- 
ernment has added steadil> to the means 
by which it can prevent — or at least 
low -the loss of militarily sensitive sci- 
entific information. For example, the 
government has the authority, estab- 
lished through a series of executive or- 
ders, to impose security classification on 
sensitive reser.rch conducter' by its own 
employees or undertaken by private par- 
ties at public expense. The Executive 
Branch has also been assigned a substan- 
tial amount of legislative authority over 
the years throur^ which it can attempt to 
control all aspe .s of scientific communi- 
cation. 

The Atomic Energy Act of 1946, for 
example, preck dcd public dissemination 
of most of the results of the Manhattan 
District Project or subsequent atomic 
research, particularly through a **born 
secret" provision that automatically 
classifies research on atomic energy at 
its creation. The government has also 
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Fig. 2. Percentage of foreign postdoctoral re- 
searchers in science and engineering pro- 
grams in doctorate-granting institutions, 1979 
(/6, p. 21). 



been able to use the authority vested in 
export control legislation to limit the 
release of products, processes, and tech- 
nical data to potentially adversary na- 
tions. The Export Control Act of 1949, 
which has been renewed since 1%9 as 
the Export Administration Act. required 
the Department of Commerce to prevent 
the export of goods that might enhance 
either the economic or military potential 
of communist countries. The Export Ad- 
ministration Act h implemented through 
the Export Administration Regulations 
and through a comprehensive list of 
products and processes known as the 
Commodity Control List. Since 1979, the 
Department of Commerce administra- 
tors have also relied for guidance on the 
Militarily Critical Ter ^'■lologies List, 
which is prepared b}' the DOD and based 
on a 1976 report of the Defense Science 
Board, commonly called the Bucy report 

Another method of controlling the ex- 
port of security-related data is the Arms 
Export Control Act of 1976. This Act is 
implemented by the Department of State 
through the International Traffic m Arms 
Regulations. These regulations control 
the export of military systems, including 
technical data relating to the ''design, 
production, manufacture, repair, over- 
haul, processing, engineering, develop- 
ment, operation, maintenance or recon- 
struction ... of implements of war on 
the U.S. Munitions List'' or ''any tech- 
nology that advances the state'of the art 
or establishes a new art in any area of 
significant military applicability" (5). 

In order to control the movement of 
militarily sensitive goods at the interna- 
tional level, the Coordinating Committee 
for multinational export controls (Co- 
Com) was established by informal agree- 
ment in 1949. It comprised all the NATO 
countries except Iceland and Spain, plus 
Japan. CoCom has provided a I'orum for 
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the voluntary coordination of trade con- 
trols on exports to the Warsaw Pact 
countries. The United States is currently 
engaged in efforts to strengthen the ef- 
fectiveness of the CoCom mechanism 



Ar Update of the Key Issues 

Evidence on the extent of technology 
leakage. Knowledge about technology 
leakage and its effects on national securi- 
ty has not changed significantly in the 18 
months since the Corson Panel was 
briefed by the U.S. intelligence commu- 
nity (6). In recent months the principal 
activity has been the idemification of the 
ways in which technology leakage can 
occur so that a comprehensive control 
effort can be fashioned. No major initia- 
tive has been undertaken to better char- 
acterize the relative importance of 
sources, channels* or types of informa- 
tion that leaks out or the relative signifi- 
cance of scientific communication within 
the large picture. The intelligence com- 
munity reports no cases during this peri- 
od in which loss through the U.S. scien- 
tific community has led to identifiable 
damage to national security. However, 
intelligence officials remain concerned 
about the small percentage of Soviet 
intelligence acquisitions that involve the 
American research community. 

Classification controls. There is now 
better information on the extent to which 
military research is classified or other- 
wise restricted. As part of the report of 
its subcommittee on publications, the 
DOD Steering Committee on National 
Security and Technology Transfer deter- 
mined how publications in federal infor- 
mation centers were classified or dissem- 
inated in terms of their subjeci area or 
source (Tables 1 and 2). 

The data support the contention that 
universities are responsible for less sen- 
sitive research than is done m other 
settings, no matter what field of technol- 
ogy is involved. The study also found 
that all classified reports from universi- 
ties and approximately 50 percent of the 
limited reports from universities were 
generated in otf-campus facilities affil- 
iated with the universities. Meanwhile, 
through Executive Order 12356. issued 
in April 1982, the Administration 
changed the thrust of its classification 
policy, stating that restrictions are to be 
imposed in all cases where reasonable 
doubt exists about the need for classifi- 
cation. It also expanded the number of 
categories of potentially classifiable in- 
formation and made it possible to re- 
^ '^lassify information previousl) made 



Export controls. The Export Adminis- 
tration Act, and the attendant Export 
.Administration Regulations (EAR), re- 
mains the principal regulatory instru- 
ment for controlling the flow of sensitive 
technical data, particularly that of a pro- 
prietary nature across our borders. The 
Export Administration Act came up for 
renewal during the first sessions of the 
98th Congress. Bills were passed in both 
Houses early in the second session, with 
the Senate version tending to be more 
restrictive than that of the House. A 
conference version of the Export Admin- 
istration Act of 1984 is expected before 
the end of the current session. 

While the language of the new export 
act has been debated , the Administration 
has proceeded with vigorous efforts to 
control unwanted technology transfer. It 
can be stated that, in general, the De- 
partment of Commerce presently consid- 
ers scientific communication to be a rela- 
tively small — albeit significant — aspect 
of the overall technology control prob- 
lem. Since 1982 the EAR have not been 
invoked to prevent the dissemination of 
the results of academic research. On the 



other hand, modifications to the .echni- 
cal data regulations under consideration 
for incorporation into the EAR could 
significantly alter this situation. If imple- 
mented, they would eliminate the gener- 
al licensing exemption granted to some 
**scientific and education data.*' They 
would also require a validated lit^c^nse for 
the export of virtually all "critical tech- 
nical data,** a new term Identified in ihe 
draft wording, which is not publicly 
available. Since the definition of **ex- 
port** in this draft includes presentation 
of papers at symposia where foreigners 
were present, the hiring of a foreign 
researcher, and so on, the proposed 
rules, if adopted, woulo have a signifi- 
cant impact on U.S. scientific inter- 
course. 

The Administration has also stepped 
up its export control enforcement effort, 
principally through two channels. The 
first. Operation Exodus, is an effort by 
the Customs Service since late 1981 to 
spot-check high-technology goods being 
readied for shipment. It has resulted in 
the detainment and seizure of some 23(X) 
foreign-bound shipments worth approxi- 



Table 1. Disinbuiion restriciions on DOD reports by source. 1979 ihrough 1983 il3). 



Source Toial 



Classified Limiied Public 

m iVc) (%) 



DOD laboraiories 61.694 12 44 44 

Universiiies 23.119 I* 4 95 

Indusiry 32.806 21 35 44 

Nonprofii 5.609 17 15 68 

Toial 123.228 13 33 54 



*Gcncratcd at research institutes associated with universities 



Table 2. DOD reports wiihheld from public release, by subjeci (13) 



Field 


Toial 


Classified 

m 


Limned 
(Vc) 


Public 

m 


Missile lechnology 


2.524 


57 


32 


u 


Ordnance 


6,740 


32 


47 


21 


Military sciences 


8.099 


38 


33 


29 


Navigation, communicaiion. deieciion 


13.490 


40 


28 


32 


and couniermeasures 










Aeronauiics 


5.082 


13 


53 


34 


Propulsion and fuels 


3.252 


14 


48 


38 


Space lechnology 


905 


17 


44 


39 


Nuclear scie.nce and lechnology 


1.2.59 


24 


34 


42 


Energy conversion (nonpropulsive) 


1 055 


3 


54 


43 


Elecironics and elecirical engineering 


12.424 


3 


50 


47 


Maieriats 


5,643 


I 


46 


53 


Meihods and equipmeni 


2.288 


3 


42 


55 


Agriculiure 


82 


1 


44 


55 


Mechanical, civil, indusirial. and marine 


9.284 


5 


35 


60 


engineering 










Biological and medical sciences 


10.093 


1 


32 


67 


Physics 


12,812 


6 


25 


69 


Behavioral and social sciences 


10,529 


2 


20 


78 


Earth sciences and oceanography 


4,671 


1 


21 


78 


Aimospheric sciences 


3.078 


1 


16 


83 


Chemistry 


4.042 




14 


86 


Asironomy and asirophysics 


584 




13 


87 


Maihemaiics 


5,292 




5 


95 



25 



mately $149 million and eventual indict- 
ments in 221 cases, only 28 of which 
involved so-called dual-use technology 
(7). The second effort to enforce controls 
involved creation of a new post within 
the Department of Commerce, known as 
the Office of the Deputy Assistant Secre- 
tary for Export Enforcement, which re- 
ferred 37 dual-use technology export 
cases to the Justice Department for pros- 
ecution in fiscal 1983 (7). This two-track 
approach reflects uncertainty between 
the Customs Service of the Treasury 
Department and the Export Administra- 
tion of the Department of Commerce 
over which agency has lead responsibil- 
ity for export enforcement. 

The other principal export control 
mechanism is the Arms Export Control 
Act and the attendant International Traf- 
fic in Arms Regulations (ITAR). Revi- 
sion of the ITAR. which has been pend- 
ing for more than 2 years, still has not 
been completed, although a draf^ of the 
revised regulations is now said to exist. 
A likely target period for release of a new 
ITAR is mid-to-late 1984. The ITAR is 
administered by the State Department on 
the basis of the Munitions Control List, 
which is maintained by the DOD. How- 
ever, there appear to be no instances in 
which the ITAR has been applied to 
written or oral scientific communication 
since the release of the Corson report. 

Controls on foreign visiiOrs. In May 
1983. after an n»teragenc> review. Under 
Secretary of Stale V/i!liain Schneider an- 
nounced a new visa poiicy for handling 
cases of individuals susp'^t^'d of tech- 
nology acquisition. Schneider essefiliaJly 
reaffirmed ih^l 'he existing visa laW can 
and should be used to limit the loss of 
information ibrained by foreign /isitors. 
Moreover , he indicated that acrion may 
now be taken on a visa solely on the 
basis jf a visitor s potenliz./ to be a 
sourc i for technological loss. Therefore, 
depending on the nature of thi risk iden- 
tified, an applicant may be (i) denied a 
visa. (ii)off> ed a conditional visa, or (iii) 
given an unconditional visa, m cases of 
conditional visas, he f '^sfrictions may be 
imposed either by the relevant depart- 
ment or by the Immigration Service of 
the Department of . ustice—outside of 
the visa process — as a condition of en- 
try. 

The State Department'' principal con- 
cern is commercial trade visits, with only 
secondary attention paid to those in- 
volved in academic research. Again, de- 
pending on the assessment of the risk 
involved, a sponsor may be asked to 
modify a visitor's program, or alterna- 
Q tivel>, the visitor's freedom to travel 
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may be restricted. Because the Visa Bu- 
reau does not track technology transfer 
cases per se, it is not possible to provide 
a quantitative assessment of scientific 
visits approved, denied, or made condi- 
tional. However, Table 3 provides an 
indication of the trend in advisory rec- 
ommendations made between 1981 and 
1983 by COMEX, the interagency Com- 
mittee on Exchanges. This period may 
be somewhat anomalous, due to rising 
tensions with the Soviet Union and East 
Europe over Poland and other matters, 
but the data .eveal (i) a decline in the 
total number of cases reviewed, (ii) a 
slight decline in the percentage of cases 
in which significant concs^m was ex- 
pressed, (iii) a decline in the percentage 
of cases recommended for program deni- 
al, and (iv) an increase in the percentage 
of cases recommended for program mod- 
ification. COMEX recommendations are 
not necessarily adhered to by the State 
Department, but they prevail in a major- 
ity of the cases. 

An interesting aspect of the visa and 
scientific exchange matter involves the 
People's Republic of China. The CO- 
MEX data reveal that between 1 1 and 25 
percent of the cases from 1981-1983 iu 
which significant concern about technol- 
ogy loss was expre<ised by the committee 
involved Chinese students or scientists. 
Bur because visa and export control 
policies towa.d the People*s Republic 
have been liberalized ' ibstantiaiiy, none 
of the COMEX recommendations for 
program denials involved the Chinese. 
The progr ^ms of some visiting Chinese 
were, liowe^ er. modified. 

Contract controls. The Corson Panel 
recommended that where controls on 
unclassified scient'^c information are 
warranted, they can best be accom- 
plished by means of a priori contract 
constraints. This mechanism was exam- 
ined by the DOD Steering Committee 
on National Security and Technology 
Transfer, and a new policy has emerged 
on international transfers of technolo- 
gy, goods, services and munitions** 
(DOD directive 2040.2) (8). This direc- 
tive articulates a number of new mecSa- 
nisms for establishing standard defini- 
tions of what is militarily sensitive and 
for resolving appeals of contractually 
imposed restrictions. It aLo establishes 
the Panel on International Technology 
Transfer, as the highest level appeal 
mechanism for resolving differences 
within the DOD on technology transfer 
policy, and it creates two subpanels: (i) 
Export Control Policy— a fir<it-level ap- 
peal structure for resolving differences 
on export control policy matters, and (ii) 
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Table 3. COMEX recommendations for visit- 
ing scientists' programs. 1981 to 1983 (14). 



Programs 

1 CUUIIIIIIC IIUwU 


1981 


1982 


1983 


For approval 


92 


56 


33 


For approval with 


225 


57 


133 


modification 








For denial 


55 


35 


28 


Total 


372 


148 


194 



Research and Development — a first-lev- 
el appeal structure for resolving differ- 
ences on technical standards, defini- 
tions, and the dissemination and ex- 
change of technical information, includ- 
ing appeals of "technology transfer 
research cases." 

With regard to sensitive research un- 
dertaken in academic settings, the DOD 
Steering Committee has made a number 
of additional recommendations. First, it 
has clarified its policy on review of re- 
search papers produced by DOD con- 
tractors, distinguished by budget catego- 
ry and the nature of the research (Table 
4). The point of these policies is to give 
the researcher written notice of review 
procedures before he or she signs a DOD 
contract. 

Two aspects of Tjible 4 merit special 
attention: \ , the 60-day prior review 
requirement for basic research is more 
restnctive than recom'.nended by the 
Corson Panel, which called for simuha- 
neous review by the publishers and 
DOD. and (ii) the 90-day prior review 
and right to require changes for sensitive 
exploratory research or development are 
also far more restrictive than the Corson 
Panei*s recommendation of simulta- 
neous review for both basic and applied 
research. 

In addition, the DOD Steering Com- 
mittee has recommended the permanent 
implementation of a series of six dissem- 
ination-control stamps, already ap- 
proved on an interim bas'S by Secretary 
of Defense Caspar Weinberger, that clar- 
ify the standards used in circulating un- 
classified documents producer through 
DOD contracts (or at government labo- 
ratories) and held by the Defense Tech- 
nical Information Center (DTIC) and 
other secondary distribution facilities 
(9). 

Finally. COMEX is updating an exist- 
ing DTIC database in order to inform 
researchers of each other*s work and to 
determine quickly the number and type 
of DOD contracts in force on a given 
university campus plus their level of 
classification or restriction. 

Voluntary prepublication review. An 
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agreement for voluntary submittal of pa- 
pcrs for simultaneous review by the Na- 
lional Security Agency (NSA) and pro- 
fessional journals, developed by the Pub- 
lic Cryptography Study Group of the 
American Council on Education and the 
NSA, appears to be working in a manner 
that is reasonably satisfactory to all par- 
ties. The NSA reports that 200 papers 
have been submitted for review since 
completion of the agreement. Of this 
total, nine papers have b-^en challenged, 
six have been modified, and three have 
been withdrawn. Pursuant to the agree- 
ment, r. six-member appeals committee 
has been established, consisting of four 
academic researchers and two former 
NSA officials. To date, there have been 
no appeals of the NSA review decisions 

Implementation of gray area criteria. 
Perhaps the most important reco.T.r:;*!- 
daiion of the Corson Panel concerned 
the need to build tall fences around nar- 
ro*vly circumscribed technologies that 
could be identified as meeting the four 
principal criteria set forth in the report. 
Pending the public release of the inter- 
agency NSSD report, which was coordi- 
nated by the OSTP. it is impossible to 
determine with certainty the extent to 
which these recommendations have been 
adopted as official policy. 

There are indications, however, that 
the government is moving toward the 
adoption of a broader approach than was 
recommended by the Corson report. 
Consider the following factors: (i) there 
has been little progress in streamlining 
the Militarily Critical Technologies List; 
(ii) a new. unclassified Militarily Signifi- 
cant Emerging Technologies Awareness 
List (METAL) is being created that will 
identify for purposes of monitoring cer- 
tain frontier technologies just appeanng 
on the horizon but not yet embodied 
(//); (iii) the definition of 'threat assess- 
ment factors'* proposed to the DOD 
Steering Committee on National Securi- 
ty and Technology Transfer for identify- 
ing militarily significant emerging tech- 
nologies are substantially more compre- 
hensive than the Corson Panel criteria. 



and (iv) continuing eflforts are under way 
within the Coordinating Committee for 
multinational export controls to identify 
additional technologies that are to be 
proscribed or restricted for export to 
Warsaw Pact countries. 



Conclusions 

This review of the current status of 
scientific communication and national 
security suggests three major conclu- 
sions. 

1) The government has not found it 
possible to act in a manner compatible 
with the major principles set forth in the 
Corson report. Although the DOD ap- 
pears to be implementing the panel's 
recommendation that the best form of 
control is the research-funding contract, 
both the stringency and the reach of 
restrictions either proposed or in force 
go considerably beyond the panel's rec- 
ommendation. Moreover, if the draft 
wording for new technical data regula- 
tions were incorporated into the EAR. 
then export controls could come to sup- 
plant DOD-imposed contractual restric- 
tions as the principal mode of control 
contrary to recommendations of the Cor- 
son Panel. 

2) The continuing lack of effective 
government-wide coordination raises im- 
portant risks, including (i) disparate 
agency policies that do not adequately 
balance national goals, (ii) wasteful allo- 
cation of national resources among pro- 
grams of varying effectiveness, and (iii) 
confusion and skepticism in the research 
commu ;ty. Given the successive delays 
in the National Security Council review, 
policy initiative has reverted back to the 
individual agencies (most notably DOD). 
whose missions typically reflect only one 
among the many relevant national objec- 
tives. Once put into place, these uncoor- 
dinated initiatives will be difficult to ad* 
just. The government's lack of central 
coordination also represents a missed 
opportunity to set reasonable priorities 
among the many offices (OSTP counted 
44 of them) responsible for addressing 



the many parts of the technology transfer 
problem. There is a danger that the lack 
of effective government-wide coordina- 
tion will undermine the perceived legiti- 
macy of government programs among 
the research community. 

3) There is little progress toward an 
objective understanding of the technolo- 
gy leakage problem and the effects of 
control measures. This research failed to 
demonstrate any improvement in knowl- 
edge about the actual effectiveness or 
adverse effects of control on scientific 
communication. 

One feature that makes the policy di- 
lemma in this area particularly difficult is 
that the costs of being wrong, which are 
potentially great, accrue only after a 
delay and in ways that are difficult to 
measure accurately in the short term. If 
U.S. controls on scientific communica- 
tion are too lax. the extensive Soviet 
intelligence effort may obtain at relative- 
ly low cost information not otherwise 
accessible, tven then, however, it may 
be difficult to determine precisely how 
the transferred data have contributed to 
the Soviet military posture. On the other 
hand, excessively tight controls may 
have effects that, while subtle and indi- 
rect, are also pervasive. Perhaps the 
largest risk in this regard is the long-term 
changes that controls are likely to cause 
in the demographic distribution of scien- 
tists and engineers among the various 
discipline , and subfields. 

The threatened or actual government 
intervention has already had an impact 
on the number of papers put forward for 
publication or presentation at confer 
ences in certain fields {12). If the present 
climate of uncertainty continues, we 
may witness an increasing migration of 
the best minds away from those areas of 
Science and engineering where controls 
are (or may be) imposed— the very fields 
where new talent is most critical to U.S. 
technological lead time. Furthermore, if 
the United States acts to restrict further 
the flow of people and ideas in frontier 
areas of science and technology, other 
advanced industrialized countries may 
find it necessary to do the same. In this 



Budget items 



Basic research* 



Exploratory research 
and advanced tech- 
noiogicai development^ 



Table 4. Review policy for research papers produced by DOD contractors (15). 



Nonsensitive research 



Simultaneous submittal to contract officer 
and io publisher. DOD has no right to 
require changes or to restrict publication. 

Same rules as for basic research. 
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OD budget category 6. 1 . +DOD budget categories 6.2 and 6.3 



Sensitive research 

Manuscript must be submitted to contract officer 60 
days prior lo submittal to publisher. Researcher 
retains option of whether or not to publish. 

Manuscripts must be submitted to contract officer 90 
days prior to submittal to publisher. DOD retains 
the right either to require changes before allowing 
publication or to block publication outright. 
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respect, to the extent that U.S. national 
security continues to rely on technologi- 
cal superiority, by disrupting the invisi- 
ble colleges, the channels of informal 
communication that speed the pace of 
innovation and scientific discovery, the 
nation may risk sacrificing its best hope 
for continued long-term security in the 
belief that controls are necessary to 
maintain short-term strategic advantage. 



References and Notes 

1. B. R. Inman. "National security and technical 
information." paper presented at the Annual 
Meeting of the AAAS. Washington. DC. 7 
January 1982: L. J. Brady. "Taking hack the 
rope Technology transfer and U.S. secunty.** 
statement before the Association of Former 
Intelligence Officers. 29 March 1982; F Car- 
lucci. 5(iVmf 215. 140(1982). 

2. The members of the Panel on Scientific Commu- 
nication and National Secunty were Dale R 
Corson (chairman). Richard C. Atkinson. John 
M. Deutch. Robert H. Dicke. Edward L. Ginz- 
ton. Mary L. Good. Norman Hackerman. James 
R. Killian. Franklin Lindsay. Richard A. Me- 
serve. Wolfgang K. H Panofsky. William J. 
Perry. Samuel C. Phillips. Alexander Rich. John 
D. Roberts. Harold T. Shapiro. Charles P- Shch- 
ter. Michael I. Sovem. and Elmer B. Staats. 

3 Commiltcc on Science. Engineenng. and Public 
Policy. National Academy of Sciences. National 
Academy of Engineenng. Institute of Medicine. 
Scientific Communication and . ttional Securh 
r\ (National Academy Press. Washington. D.C.. 
1982). p. 45. 

4. Defense Science Board Task Force on Export of 



U.S. Technology. An Analysis of Export Con- 
trol of U.S. Technology— A DOD Perspective 
(U.S. Department of Defense. Office of the 
Director of Defense Research and Engineenng. 
Government Pnnting Office. Washington. D.C . 
1976). 

5. International Traffic in Arms Regulations, sec- 
tion 125.101. 

6. This assessment is based on bnefings at the Top 
Secret level of classification, which the author 
received from the interagency Technology 
Transfer Intelligence Committee (composed 
principally of representatives from the Central 
Intelligence Agency. Defense Intelligence Agen- 
cy, and Federal Bureau of InvesMgation) and the 
National Security Agency, in January 1984. 

7. J. Zonderman. •'Policing high-tech exports.** 
New York Times Sunday Magazine, 27 Novem- 
ber 1983. p. 103. 

8 C. W. Weinberger. ** International transfers of 
technology, goods, services, and munitions.** 
DOD directive 2040.2. 29 December 1983. 

9. The range of classifications is as follows: (i) 
release oniy on approval of originator, (ii) re- 
lease within DOD only; (ni) release to DOD and 
DOD contractors (who must apply for formal 
approval) only: (iv) release to U.S. government 
only; (v) release to U.S government and U.S. 
government contractors only, and (vi) release to 
the general public. This system will replace the 
previous arrangement that allowed only two 
options: public release or U.S. government 
only. 

10 Office of Policy. National Secunty Agency, per- 
sonal communication. 15 March 1984. 

11. Creation of METAL was recommended by the 
subcommittee on the monitoring of emerging 
technologies of the DOD Steering Conunittee on 
National Security and Technology Transfer. 
The subcommittee urged the establishment of an 
unclassified watchlist to which a technology 
might be assigned during the period that it was 
still at the stage of basis, research. Subcommit- 
tee on monitorng of emerging technologies. 



233 

**Report to the DOD steering committee on 
national security and technology transfer " De- 
partment of Defense. Washington. D.C. 29 De- 
cember 1983. 

12. The Fusion Technology Division of the Ameri- 
can Vacuum Society reports the following statist 
tics on papers presented at its meetings: 78 
papers in 1981. 58 papers in 1982. and 35 papers 
m 1983; Office of Public Affairs. Amencan Phys- 
ical Society, personal communication, 29 De* 
cember 1983. 

13. Steering Committee on National Security and 
Technology Transfer. ** Report of the subcom- 
mittee on publications.** Department of De 
fense. Washington. U.C.. 9 November 1983, pp 
23 and 24. 

14. From data provided by the interagency Commit- 
tee on Exchanges. Technology Transfer Intelli- 
gence Committee. 5 January 1984. 

15. Office of Research and Laboratory Manage- 
ment. Deputy Under Secretary of Defense tor 
Research and Engineenng. personal communi- 
cation. 20 December 1983. 

16. Division of Science Resource Studies. Foreign 
Participatw in U,S, Science and Engineering 
Higher Education and Labor Markets (NSF-81- 
316. National Science Foundation. Washington, 
D.C. 1981). p. 5. 

17. I thank Lawrence E. McCray for his thoughtful 
contnbutions to this article, and also for their 
helpful comments Dale R. Corson. Rosemary 
Chalk. Ruth L. Greenstein. Allan R. Hoffman. 
John M. Logdson. Richard A. Meserve. Robert 
L. Park. Victor Rabinowitch, Harold C Relyea. 
Walter A. Rosenbiith. Eugene B. Skoinikotf. 
and Philip M. Smith. The views expressed are 
those of the author and do not represent a 
deliberative process of or a position taken by the 
National Academies of Sciences or Engineering, 
the Institute of Medicine, or the National Re- 
search Council. 




ERIC 



The conflicting imperatives of national 
security and open scientific communication 
have betu the subject of a vigorous and 
sometimes emotional national debate. Dif- 
fering priorities have led to incompatible 
conclusions. In times of peace and security, 
the maximum freedom of speech and com- 
munication has served this nation well, in 
limes of great peril, national security con- 
siderations have temporarily displaced those 
precious freedoms. In this penod of world 
history when nations in cornpeiiiion may win 
or lose by their technologies, both in combat 
and in commerce, how should we order our 
priorities regarding national security and 
scientiHc communications? 

We must begin by lecognizing the distmc- 
tion between science and technology, be- 
tween knowledge and know-how. Nature 
yields her secrets to anyone imaginative 



enough to ask the right questions, regardless 
of nationality. All participants benefit in the 
testing of new scientific hypotheses and the 
exchange of scientific mformation. Nor can 
the flow of ideas be stopped at national bor- 
ders. On the other hand, know-how is a pre- 
cious commodity leading to the commercial 
or military products that determine the for- 
tunes of nations in peace and in war. Yet 
sometimes it is hard to idl where scientific 
knowledge leaves off and engineenng know- 
how begins. 

The potential foi unintentional disclosure 
of national security intormanon through the 
publication of basic research results is vir- 
tually nonexistent, and the benefits of such 
an open publications policy far outweigh the 
risks. The treatment of university R&D more 
applied in nature has been the subject of in- 
tensive discussions between university and 



Department of Defense representatives in the 
DOD-Univcrsity Forum over the past 2 
years. (The forum participants are drawn 
about equally from the academic and defense 
communities.) To put the matter in perspec- 
tive, about 80 percent of R&D on university 
campuses sponsored by DOD falls in the 
category of basic research. The discussions 
have therefore focused on the other 20 per- 
cent, only a very small fraction of which has 
been of security concern. 

The forum discussions have contributed 
greatly in formulating new policy that will 
provide for completely unrestricted publica- 
tion (without delay) of all unclassified fun- 
damental research earned out in any labora- 
tory (university or industrial). Henceforth, 
consistent with U.S. statutes, the primary 
way to restrict the publication of contracted 
fundamental research will be to classify it. 
(The rules for classification are well under- 
stood. The DOD currently has no classifed 
basic research on university campuses, and 
this situation is expected to continue. The 
government *s power to classify is not new, it 
nas not been and will not be invoked on uni- 
versity campuses except in the rarest of cir- 
cumstances involving special reasons of 
national import, and with complete prior 
agreement of the university involved.) 

The quickest way to dissemmate research 
results is through meetings, conferences, and 
symposiums, often sponsored by scientific 
and engineering societies Many meetings 



held in the United States are international, 
and it is important to keep them so. For gov- 
ernment sponson?d or cospon sored technical 
conferences* admission should likewise not 
depend on nationality but only on security 
considerations — it is in the best interests of 
all allied countries to share their technologies 



to lighten Jie burden of mutual defense. I 
also believe that no unclassified technical 
conference requiring an invitation should ex- 
clude individuals from allied nations who 
can contribute to the success of the con- 
ference. 

The freedom to publish scientific and edu- 



cational material is vital for progress in sci- 
ence and engineering. Ultimately the rela- 
tionships among academia, government, and 
industry will depend on the trust and under- 
standing among the people who work 
together and depend on one another. 





In addressing problems posed by the changing roles of scientists in 
contcmporaty society, the preceding chapters develop key princi- 
ples of scientific freedom and responsibility. In many cases, these 
principles derived from broader discussions of the nature of citizen- 
ship, the role of the expert in a democracy, and the duty of experts to 
warn society when unintended consequences of mdividual actions 
threaten others. As the possible risks associated with new scientific 
developments became more apparent, leaders from the scientific 
community and other responsible officials sought ways to diminish 
potential dangers while at the same time providing the benefits of new 
research discoveries to the larger society. The framework of environ- 
mental laws and regulations that evolved in the 1970s is built upon 
many of these earlier discussions about the nature of risk and the 
manner in which it should be allocated throughout society as a whole. 

What issues will influence the objectives and practice of science in 
the years to come? The status of the research university and other 
research centers as emerging sources of economic and political 
advantage will certainly be a dominant factor in future discussions 
about the role and purpose of science in society. If the frontiers of 
discovery are seen as frontiers of profit and power as well as of 
intellectual excitement, vigorous efforts to direct scientific talent and 
other research resources towards private interests can be expected. 
The privatization of science may, for example, help 'o promote the 
rapid development of new sources of energy, food production, and 
medical advances. At the same time, concerns about the corrupting 



influences of' personal gain will surely raise new questions of respon- 
sibility and accountability in the conduct of science: What criteria 
should be used in directing public subsidies, in the form of govern- 
ment funds, tax credits, and relaxed regulations, toward selected 
areas of research and development? What standards of accountability 
should guide future government investments in basic research? How 
will the basic values traditionally associated with scientific research, 
such as the sharing of research data, freedom of travel and com- 
munication, and so on, be affected by an increasingly competitive 
global economy? 

In the 1960s and 1970s, scientists began to incorporate pnnciples 
of informed consent, environmental protection, and — recently — 
animal rights into their research policies and procedures. What new 
concerns will shape the conduct of research in the next decades? Will 
the increasingly competitive nature of scientific research weaken the 
professional norms that have shaped traditional research practices? If 
so, what new standards will replace them? 

Informed reflection on these and related issues requires the 
accumulation of much experience with the changing forms of modem 
science. If history is a reliable guide, the ethical problems of the 
future will build upon those of the past. It is hoped that the insights 
and perspectives offered in this volume will assist those who struggle 
with future dilemmas about the meaning of rights and duties in 
science. — RC 
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In the past four decades, the American Association for the 
Advancement of Science has organized four separate committees 
to explore issues related to the rights and duties of scientists and to 
scientific freedom and responsibility. These four committees in- 
cluded the Special AA S Committee on Civil Liberties for Scien- 
tists, appointed in 1948 and chaired by Maurice B. Visscher; the 
AAAS Interim Committee on the Social Aspects of Science, fomied 
in 1955 and chaired by Ward Pigman; the 1960 AAAS Committee on 
Science in the Promotion of Human Welfare, chaired by Barry 
Commoner; and the ad hoc AAAS Committee on Scientific Freedom 
and Responsibility, organized in 1970 and chaired by Allen Astin. 
This ad hoc committee was succeeded in 1975 by a standing AAAS 
Committee on Scientific Freedom and Responsibility,which con- 
tinues to sponsor programs and activities on behalf of the Associa- 
tion. 

Each of these four committees prepared a written report that was 
published in Science. In some cases a committee's report might also 
be published as a separate document by the Association, as in the case 
of the 50-pagc report, Scientific Freedom and Responsibility, pre- 
pared by John T. Edsall in 1975. 

The AAAS committee reports provide a valuable analysis of issues 
that shaped the relationship between science and technology and 



society in each decade. In the late 1940s, AAAS concerns were 
provoked by security restrictions and secrecy in the aftermath of 
World War IL In the 1950s, in the wake of Sputnik and a new 
resurgence of public interest in the contributions of science to war and 
peace, scientists sought to develop an appropriate place for their 
professional skills and expertise in the management of public affairs. 

In I960, with the formation of the Committee on Science in the 
Promotion of Human Welfare, AAAS addressed the disparity be- 
tween military and civilian re*«arch in science and technology and the 
problems of environmental and urban pollution. Finally, in 1975 in 
cooperation with its affiliated societies, the Association sought to 
develop broad principles of scientific freedom and responsibility to 
protect and assist "whistle-blowers'* — scientists and engineers who 
were punished as a result of actions intended to foster the public's 
interest. 

These four reports provide a unique historical record of the chang- 
ing dimensions of the social contract between science, technology, 
and society. As such, they provide a window on emerging areas of 
consensus defining the broad principles of social responsibility, 
autonomy, and integrity in science that shape professional conduct in 
modem times. — RC 
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On December 30, 1947 the AMS Council 
passed a resolution instructing the President 
of the Association to appoint a Special Com- 
mittee on Civil Liberties for Scientists. 
Maurice B. Visscher was named chairman, 
and with Philip Bard, Robert E. Cushman, 
Richard L. Meier, and James R. Newman as 
members, and Walter Gellhom as consul- 
tant, the Committee completed its in- 
vestigations and submitted a 77-page report 
of findings and recommendations in Decem- 
ber 1948. The full text was referred to the 
Council, which voted by an overwhelming 
majority to publicize the findings, and it is 
planned ultimately to make the complete re- 
port available at cost to (hose^ho want ac- 
cess to it. Announcment will be made in Sci- 
ence when Maurice B. Visscher and E.C 
Stakman have concluded editorial revisions 
and the report is ready for distribution. 
Meanwhile, by vote of the Executive Com- 
mittee at its meeting July 7,, the conclusions 
and recommendations are published here- 
with. 

There is at present a tendency in public 
thinking to relate scientific activity almost 
wholly to military activity, exposing scien- 
tists more than most occupational groups to 
sustained and stringent limitations upon their 
professional freedom. Fearful lest these 
limitations exceed justifiable bounds, 
jeopardize the national welfare, and infringe 
the rights of scientists, the American 
Association for the Advancement of Sci- 
ence, in December 1947, created a Special 
Committee on the Civil Liberties of Scien- 
tists. 

The present report embodies its con- 
clusions and recommendatiou^ with respect 
to three main areas: 

1. Restrictions on research and scientific 
information; 

2. Measures to assure the personal 
reliability of scientists ha> ing access 
to confidential data; 

3. Inquiries relating to the "loyalty*' of 
scientific workers in federal employ- 
ment. 



Conclusions 



I 



Secrecy is damaging to both science and 
democracy. In both, progress and the detec- 
tion of error depend upon open discussion 
and free interchange of ideas among widely 
divergent and widely separated groups. 

Yet today, in the United States, we have 
within the body of science large regions of 
secrecy. We endorse the statement of the 
President's Scientific Research Board, 
which in its 1947 Report on Science and 
Public Policy said: "Strict military security 
in the narrow sense is not entirely consistent 
with the broader requirements of national 
security. To be secure as a Nation we must 
maintain a climate conducive to the full 
flowering of free inquiry. However impor- 
tant secrecy about military weapons may be, 
the fundamental discoveries of researchers 
must circulate freely to have full beneficial 
effect. . . .Security regulations, therefore, 
should be applied only when strictly neces- 
sary and then limited to specific instruments, 
machines or processes. They should not at- 
tempt to cover basic principles of fun- 
damental knowledge.'' 

11 

No matter how the area of secrecy may be 
delimited, there will undoubtedly remain 
some matters of scientific cognizance \ ' ch 
should be kept confidential. So lon^ as 
national policy dictates that secrecy be 
observed, the reliability of persons to whom 
these matters are entrusted must be assured; 
hence inquiries into the character and atti- 
tudes of these persons are warranted. 

If national as well as individual interests 
are to be protected, however, improvements 
must be achieved in the policies and pro- 
cedures of our present security clearance 
programs as they affect scientists who will 
be entrusted with classified information. 

The Atomic Energy Commission and the 
National Military Establishment are the chief 
agencies concerned with the trustworthiness 



of scientists who hav* access to "restricted** 
or "classified** data. Neither of these agen- 
cies furnishes the affected scientist any state- 
ment of the reasoning underlying a conclu- 
sion which is adverse to him; neither one sets 
forth charges in a precisely formulated 
fashiun; neither one requires that testimony 
used against an individual be made known to 
him, or that even casual and nonofficial in- 
formants t)e identified and produced for ex- 
amination; neither one provides for the mak- 
ing of specific findings of fact; neitner one 
undertakes to record and publish its opinions 
in a way which makes possible any public 
understanding or analysis of the de- 
terminations made. 

In some respects the procedures of the 
Atomic Energy Commission are more fully 
elaborated than those of the National Mili- 
tary Establishment, though the military 
clearance of the latter may affect literally 
millions of employees of private industry en- 
gaged in the planning of production of arti- 
cles for military use. A military determina- 
tion that clearance should not be granted a 
civilian scientist is subject to appeal to the 
Ir^' .trial Employment Review Board 
(ILkB), composed of Army, Navy, and Air 
Force officers. Proceedings of the lERB are 
themselves "classified," which means that 
even the immediately affected employee is 
forbidden to discuss them, keep notes about 
the handling of his own case, or possess a 
copy of the record of the hearing. Despite the 
fact that its decisions have a drastically im- 
portant impact upon the lives and careers of 
civilians entirely outside the public service, 
the tribunal is exclusively military in its 
composition and there is no opportunity for 
review of its judgments by an appellate body 
differently constituted. Such subjection of 
the destinies of civilians to military tribunals 
is contrary to national tradition. Quite apart 
from procedural inadequacies, the present 
organization for deciding security clearance 
cases is open to basic criticism. 

The Atomic Energy Commission has re- 
cently manifested a tendency to require 
security clearance not only for those scien- 
tists who themselves have access to re- 
stricted data, but also for their fellow scien- 
tists with whom they may have personal con- 
tact. This is graver in its implications than 
even the serious proceduial and administra- 
tive imperfections already noted. At 
Brookhaven National Laboratory, for ex- 
ample, where on'y perhaps one-tenth of the 
scientific peisonnel works wiihin the area of 
secrecy, all scientists must be cleared as a 
condition of employment. This apparently 
reflects a yielding to uninformed or sensa- 
tionalist legislators and others who tend to ex- 
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aggerate the problem of "keeping our atomic 
secrets." The effect of the excessive pre- 
cautions is to discourage participation in im- 
portant research activities closely likiked to 
the nation*s well-being. Scientists are in- 
creasingly reluctant to commit their personal 
and professional reputations to those who 
have brought frivolous charges against re- 
spected colleagues. Moreover, the delays 
and expense often involved in obtaining 
security clearance deter qualified persons 
from entering the atomic energy program. 

So far as disclosures of evidence reveal, 
the problem of faithless scientific personnel 
in this country appears to be markedly less 
grave than the public has been led to sup- 
pose. Moreover, informed scientists are in 
broad agreement that restricted data cannot 
be readily transmitted to unauthorized per- 
sons. In the circumstances which exist rather 
than those which are fancied to exist, the 
stringent application of personnel security 
clearance should be limited to smaller num- 
bers of scientists rather than extended to ever 
larger groups. If nothing is done to reverse 
the present trend to require security clear- 
ance of scientists who do not have or desire 
to have access to restricted data, it is likely 
that many of the most penetrating and origi- 
nal scientific minds will be turned to pursuits 
unrelated to further development of the 
atomic energy program. Work in that field 
wi!I be shunned by men of ability and pride 
if they are constantly treated as objects of 
suspicion and possible calumny. 

Ill 

Executive Order No. 9835 provides that 
no person shall be employed in a federal post 
if he is bel 'ed to be disloyal to the govern- 
ment of the United States. This Loyalty 
Order does not supplant existing provisions 
for summary removal of employees on 
security grounds. Entirely without refeience 
to security consideration, the Order seeks to 



assure "complete and unswerving loyalty to 
the United States" on the part of all those 
who are in its service. 

No one doubts the importance of faithful 
discharge of duty by public officials. No one 
questions the propriety of the government's 
demanding that its employees be loyal to 
their jobs and to the democratic institutions 
they serve. The Loyalty Order is, however, 
basically objectionable because it seeks to 
determine the employee's loyalty by inquir- 
ing into his supposed thoughts and attitudes, 
which are established in large part by imput- 
ing to him the beliefs of his associates. 

If the Loyalty Order is to be retained, a 
drastic revision is essential. Instead of focus- 
ing on an employee's associations, it should 
focus on his behavior in oven acts. Legisla- 
tion already on the statute book, ^mply pro- 
tects the federal service against retention of 
employees who advocate overthrow of the 
government. 

Insofar as the Loyalty Order purports to 
deal with such matters as espionage, sabo- 
tage, and disregard of instruc ons, it is 
wholly superfluous, since conduct of that 
character is not only criminal but is also fully 
subject to administrative disciplinary action 
under existing law and regulations. The fail- 
ure to confine the lx)yalty Order to matters 
of objective proof has engendered a feeling 
of insecurity in public employment and may 
be expected to lessen the vigorous in- 
tellectual independence which is a prime 
condition of sounc scientific work as it is of 
an imaginative civil service. "Experimenta- 
tion there may be in many things of deep 
concert)," Judge Cardozo once wrote, "but 
not in setting boundaries to thought, for 
thought freely communicated is the in- 
dispensable .ondition of intelligent ex- 
jierimentation, the one test of its validity." 
Unless there is elimination of the Order's 
present emphasis on attitude rather than con- 
duct, the nation will suffer heavily from the 



present loyalty program. 

Even if the Loyalty Order were to be con- 
tinued without revision of its underlying 
philosophy, important changes in adminis- 
trative methods are urgently needed. The 
present loyalty boards discharge simulta- 
neously the functions of advocacy and 
adjudication. The content of the charges they 
issue and the conduct of the proceedings 
over which they preside do not assure that 
the facts and their implications will be fully 
explored. The organizations with which an 
employee may be identified are finally and 
conclusively characterized by the Attorney 
General without either the employee's or the 
organization's having any opportunity what* 
soever to establish that the Attorney General 
W2u» not fully informed. These and other pro- 
cedural deficiencies can be corrected readily. 
So long as they remain, they accentuate the 
possibility of error in the loyalty program. 

The fundamental shortcomings in the 
Loyalty Order, however, arc not procedural. 
Rather, they are to be found in the very con- 
ceptions which the Order expresses. Refine- 
ment of administrative methods and gentility 
of official behavior arc important, to be sure. 
But they are not basic. Until the Loyalty 
Order deals with the way employees act, 
rather than with the way they supposedly 
think, we shall inhibit the freedom and en- 
courage the insecurity of our public servants. 
The cost will in the end be borne not by the 
eriiployees who are deprived of their normal 
freedom to believe and behave as they wish 
within the limits law has set. It will be bome 
by the nation as a whole. 

As President Truman recently asserted, 
"Continuous research by our best scientists is 
the key to American leadership and true 
national security. This work may be made 
impossible by the creation of an atmosphere 
in which no man feels safe against the public 
airing of unfounded rumors, gossip, and 
vilification." 
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that there is an impending crisis in the rela- 
tionships between science and American 
society. This crisis is being generated by a 
basic disparity. At a time when decisive eco- 
nomic, political, and social processes have 
become profoundly dependent on science, 
the discipline has failed to attain its appropri- 
ate place in the management of public 
affairs. 

The committee believes that this question 



The Council of the American Association 
for the Advancement of Science, at its 1955 
O meeting, resolved to establish an "Interim 
EI^C Committee on the Social Aspects of Sci- 
h r i imirmrrfTTii i in ence." DuHng the past year this committee 



has made a preliminary study of the present 
state of science in the United States and its 
relation to social forces and issues. The com- 
mittee found that even a cursory examination 
of this question leads to a serious conclusion: 
OA O 
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State University; Benjamin H. Wilhams. Industrial Col- 
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demands the most urgent attention of the 
AAAS and of scientists generally. The pr- 
esent interim report is not intended as a com* 
plcte consideration of the many interrelated 
problems encompassed by the area which the 
committee has studied. Rather, the report 
represents a sampling of some of the issues 
which the committee has found to serve as 
useful points of departure in developing an 
analysis of the situation. Because of the im- 
portance of this matt«;r, the committee be- 
lieves that any decision on the manner in 
which the AAAS can best deal with it should 
be based on extended and broadly conducted 
discussion among natural and social scien- 
tists and other interested persons. The report 
which follows is intended as one means of 
initiating this discussion. 

Such an undertaking comes at an op- 
portune time. We arc at the start of a period 
in which science holds the promise of mak- 
ing unprecedented improvements in the con- 
dition of human life. Any action taken now 
to assist the orderly growth and beneficial 
use of science will be of lasting significance. 



New Scientific Revolution 

A cursory examination shows that society 
has become far more dependent on science 
than ever before for the following reasons. 

Accelerated gro>vth of scientific activity. 
The volume of scientific research and de- 
velopment conducted in this country has 
been increasing at an astonishing rate In 
1930» expenditures for :>cience were es- 
timated at $166 million, i.i 1953, the amount 
was more than $5 billion. Allowing for the 
change in the value of the dollar, this 
represents approximately a I5-foId mcrease 
in research expenditures over the 23-year pe- 
riod. The number of active scientists In the 
United States in 1930 was 46,()00, the pres- 
ent number is probably about 250,000 All 
estimates of future needs for scientific re 
search and personnel indicate that this 
growth will continue at an accelerated pace. 
This rate of growth sets scientific aciivii> 
apart as the second most rapidly expanding 
sector of our social structure, military activi- 
ties being first. 

Increased use of scientific knowledge. It is 
characteristic of the present ere that the pre- 
viously formidable gap between scientific 
knowledge and its application to practical 
problems has become considerably reduced. 
It is now commonplace that calculations 
based on physical theory move quickly from 
the scientist's laboratory across the engi- 
neer's drafting board and on to actual in- 
dustrial production. Since 1940 we have ex- 
perienced a series of classic examples of 
^«*^most immediate conversion of a scientific 
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advance to a process of large practical im- 
pact upon society: antibiotics, synthetic pol- 
ymers, nuclear energy, transistor elec- 
tronics, microwave techniques, electronic 
computers. The greatly narrowed gap be- 
tween laboratory and factory results from a 
distinctively new role of research in in- 
dustry. Scientific investigations were pre- 
viously regarded by industry as a kind of 
exotic garden to be cultivated in the hope of 
producing an occasional rare fruit. In con- 
trast, research has now become a deliberate 
instrument of industrial development; 
scientific investigations are consciously 
undertaken as a means of achieving desired 
economic gains or, as in several notable in- 
dustrial laboratories, for the purpose of con- 
tributing to our fund of basic scientific 
knowledge. 

Recent advances in science have also cre- 
ated completely new industries. Four major 
industries — chemical, electronic, nuclear 
energy, and pharmaceutical — represent di- 
rect extensions of laboratory experience to 
an industrial scale. This type of direct 
transformation of scientific experience to in- 
dustrial operation is probably unique in hu- 
man history. Eariier industrial developments 
were based more on empirical experience 
than on laboratory science. 

Social Position of Science 

Science is but one sector of our culture It 
is one of the institutions of society, and to a 
considerable degree society itself governs 
the development of science. In ihc present 
situation, social forces influence the de- 
velopment of science in the following key 
ways. 

Social demand for technologic ad\ance.\. 
From the evidence already cited it is clear 
that there is a strong social demand for at 
Ifast soi.ie kinds of scientific progress The 
fact that industry has made unprecedented 
investments in research is practical evidence 
that this type of scientific work is seen as a 
desirable activity by industrial managers. 
Government scientific acnvity, which per- 
haps reflects a wider range of social forces, 
has also been very intense in the past 20 
years. Accelerated support for scientific re- 
search is evident from the increased scale of 
military research, the growing activities of 
the National Science Foundation, the greatly 
increased support for medical research by the 
National Institutes of Health, and the in- 
creasing share of philanthropic funds from 
private agencies now devoted to research on 
health and social problems. The following 
generalizations may be made concerning the 
distribution of the enhanced research support 
now enjoyed by American science. 

I) The major part of research support goes 
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into applied research and development rather 
than into basic science. In industrial re- 
search, the ratio is about 97/3; in univer- 
sities, about 50/50; in federal agencies (in- 
cluding support for research done else- 
where), about 90/10. 

2) Support is heavily slanted toward phys- 
ical sciences. In 1954, federal research sup- 
port was divided as follows: physical scien- 
ces, 87 percent; biological sciences, 1 1 per- 
cent; social sciences, 2 percent. Industrial 
research is at least as heavily weighted in this 
direction. 

3) At present a very large part of our total 
research activities are for military purposes. 
Of the estimated federal expenditures for re- 
search in 1957 ($2.5 billion), about 84 per- 
cent is earmarked for matters related to 
national security. 

4) Colleges and universities, which arc the 
site of much of our basic research activities, 
have become dependent on federal funds for 
the greater portion of their research support 
(60 to 70 percent in 1954). 

Some of the effects of these factors upon 
the character scientific research are dis- 
cussed in the section on "Intemal situation of 
science." 

Public interest in science. There are in- 
dications that the public interest in science is 
not commensurate with the important role of 
science in society. 

1) Shortage of scientific personnel: We 
face a major crisis with respect to present 
and future shortages of scientific personnel. 
In effect, this means that the social environ- 
ment in the United States docs not elicit ? 
maximum interest in science on the part of 
those individuals who have the capability of 
doing scientific work, or that our social or- 
ganization does not permit them to receive 
the necessary training. This problem is 
closely connected with the more general 
question of the present state of public educa- 
tion in the United States. The content of pub- 
lic education has been subjected to a good 
deal of criticism recently, especially with re- 
gard to science and mathematics. Many sci- 
entists feel that an official state requirement 
for graduation from high school which calls 
for 1 year of "general" mathematics and for I 
year of "general" science cannot be regarded 
as proper recognition of the importance of 
science. 

2) Attitudes toward .scientific work. To 
some degree the foregoing difficulties reflect 
a broader problem — that is, a traditional dis- 
regard for abstract thinking. More than a 
century ago De Tocqueville observed 
"Hardly anyone in the United States devotes 
himself to the theoretical and abstract portion 
of human knowledge." He said that the im- 
mediately practical aspects of life were, 
however, fully appreciated. The same 
generalization appears to be true today. So- 
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called '*practicar men of public affairs and 
business frequently disregard the advice of 
scientists and prefer instead to rely on ''com- 
mon sense/* but the latter is often construed 
to mean what Einstein has called '*a deposit 
of prejudices laid down in the mind pnor to 
the age of 18.** This problem, particularly as 
it relates to a lack of interest in scientific 
careers, has attracted considerable attention 
of late. Recent surveys indicate that ihe 
general attitude exemplified by popular 
epithets such as '*eggheads * and 'longhairs'* 
is well rooted in the opinions of young 
people. 

3) Science in the public press and other 
media: By all standards, science receives an 
unduly small share of the budget of news- 
paper space or broadcasting time. The num- 
ber of books and magazines devoted to dis- 
seminating public information about science 
is correspondingly smaM The immediate 
reasons for this state of affairs are manifold. 
It is clear, however, that the situation reflects 
a rather lew level of interest in science on the 
part of the public, or, more probably, of 
those who attempt to judge the public mind 
for purposes of directing the media of in- 
formation. 



Internal Situation of Science 

How has Its recently accelerated rate of 
growth and the general nature of the scKial 
influences upon it affected the character of 
Amencan science? Some brief and approx- 
imate answers may be made. 

Unbalanced growth. The growth of our 
scientific organisation has not been an order- 
ly process. Growth has been based less on 
internal needs oi' science than on the interest 
of external agencies in possible practical rc- 
sulls* 'n a sense, the speed and direction of 
the development of science have been de- 
termined by the users of science rather than 
the practitioners of science. Agencies which 
use scientific knowledge (for example, in- 



dustrial management, military es- 
tablishments, meaical agencies) have under- 
taken to encourage, and pay fo*'. scientific 
research of a sort which seems to promise 
information that might be useful to their own 
specific purposes. This disproportionate 
growth of the physical sciences as compared 
with biological ^.nd social sciences to some 
degree reflects the interests and superior 
financial resources of the mdustnal and mili- 
tary agencies that support science. 

The effects of this unbalanced develop- 
ment are already being felt. Generally speak- 
ing, we sometimes find ourselves embarking 
upon new ventures, based on advances in 
chemistry and physics, before wc are ade- 
quately informed about their consequences 
on life or on social processes. Some of the 
resultant difficulties which wc have already 
made for ourselves are described in the sec- 
tion on *'Major social issues of scientific ori- 
gin: signs of trouble.** 

It should be recalled that this unbalanced 
growth takes place withm the framework of a 
shortage of personnel. This situation has 
very naturally given rise to a somewhat dis- 
organized competition for students, which 
further accentuates the disparate pattern of 
development of the various sciences. 

Inadequate progress in basic research. It 
is well known that the creative source of all 
technologic advance is the free inquiry into 
natural phenomena that we call basic, or 
**pure," science However, as has already 
been indicated, the great bulk of our present 
research activities represents the develop- 
ment of practical applications of (he knowl- 
edge generated by previous advances in pure 
science. It has been pointed out repcatedl> 
that many of our current technologic ad- 
vances are based on the application of 
accumulated basic knowledge which is per- 
haps 20 to 30 years old. The progress o! 
basic science does not appear to be keeping 
pace with the development of applied sci- 
ence Some observers even feel that there 
has been an absolute decline in the amount of 



highly creative research of the type that leads 
to major advances in our knowledge of na- 
ture. They point out that our present under- 
standing of the structure of atoms and mole- 
cules and of the behavior of living cells goes 
back to great illuminaiing propositions that 
are 25 years or more old. 

Difficulties in scientific communication. 
New information is the major goal of 
scientific research, and communication of 
information is vital for all scientific prog- 
ress. However, the rapid, rather disordered 
growth of science has placed a severe strain 
on the channels of scientific communication. 

1 ) Communication among the divisions of 
science. The problem of adequate dissemina- 
tion of the results of current research has 
become a matter of great concern. The 
growth of our research establishment and the 
resulting increase in the numbers of scientif- 
ic communications have made the problem 
of '^keeping up with the literature** quite 
serious. It is now widely recognized by sci- 
entists that the existing system of publication 
and distribution does not fill their needs. 
Published articles and monographs have not 
kept up with the current knowledge in many 
fields. The number of journals is insufficient 
(publication delays of 1 year are common), 
and methods of abstracting, indexing, and 
reviewing are inadequate. It is becoming 
rapidly more difficult for scientists to find 
out what their colleagues know. The situa- 
tion is particularly bad with respect to arti- 
cles printv'd m foreign languages (Russian, 
especially) which investigators too fre- 
quently incapable of reading. Some obser- 
vers have already urged the establishment of 
scientific information centers from which 
subscnbers could receive transmitted repro- 
ductions of teletyped abstracts obtained by 
electronic scanning devices. Such centers 
would require government investment of 
about SI50 million. That proposals of this 
magnitude are under current discussion is an 
indication of the severity of this problem. 

Proper communication among scienfsts is 



Resolttion adopted by the Council of the American Association for the 
Advancement of Science at its 1956 meeting in New York 

WHEREAS one of the purposes of the A A AS is "to improve the effectiveness of science in the promotion of human 
welfare, and to increase public understanding and appreciation of the importance and promise of the methods of science in 
human progress," and 

WHEREAS the present rapid advance of science is accompanied by social problems of unprecedented magnitude that 
affect human welfare; 

THEREFORE BE IT RESOLVED that in recognition of the responsibility of scientists to participate in deliberations 
regarding the use made of new scientific kii ^wledge, the Council of the AAAS authorises the president to continue the 
work of this committee by appointing an enlarged ^;oup for the puTX)se of defining the problems, assembling the relevant 
facts, and suggesting a practical program, to be submitted to the AAAS board of directors, to implement the objectives of 
the AAAS in this regard. 
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not, however, merely a nwncr of developing 
proper recording, cataloging, and searching 
devices. Face-io-face meetings, which 
bridge the barriers of specialization, arc an 
obvious necessity for the ordered growth of 
human knowledge. There is a widespread 
feeling among scientists that scientifif- meet- 
ings Mrhich bring together investigators from 
different fields of science are a necessity. 
But, with some distingu^'^hed exceptions, 
such meetings have been difficuh to es- 
tablish thus far. 

2) imposed restrictions of free com- 
munication: Although government support 
has been a major source of recent scientific 
growth, it has been accompanied by in- 
fluences which are in some respects inimical 
to the basic needs of science. Complete free- 
dom of communication, regardless of nation- 
al boundaries, is an essential aspect of sci- 
ence; nevertheless, along with government 
support American science has been burdened 
with practices that restrict the free flow of 
information. The interchange of scientific in- 
formation is sometimes restricted unduly by 
the overclassification of data that affect 
national security. It must be acknowledged 
that at certain times, and with certain types 
of data, restriction of exchange of informa- 
tion is nccessa'7, so long as scientific prog- 
ress continues to have military activity as 
one of its chief values "Tie immediate prob- 
lem is to limit such restrictions to a minimal 
area. The ultimate problem is to free society 
as a whole and thereby science itself from 
the tyranny of war. 

Not all artificially imposed restrictions on 
communication result from govemriiit re- 
quirements. There is an understandable 
tendency on the part of industry to protect its 
investment in research by ni'^triciing dis- 
tribution of its results. As a grc icr share of 
research is taken on by indrv> y, especially 
in those areas where expense complex op- 
erations arc involved, this problem will be- 
come of greater significance. It is ironical to 
note that a recent Conference on the Practical 
Utilization of Recorded Knowledge — 
Present and Future (at Western Reserve Uni- 
versity, January 1956;, which devoted a 
good deal of attention to the problem of im- 
proved dissemination of knowledge, found it 
nevtfssary to hold part of its deliberations be- 
hind closed doors and to refrain from 
publicizing the full record of these "con- 
fidential" sessions [Am. Sctenttst (April 
1956)). 

Unrestricted communication is but one 
facet of the free intellectual environment that 
is as important to scientific creativity as it is 
to all other fields of human endeavor. If soci- 
ety is to benefit broadly and effectively from 
the efforts of modem science, and if science 
in lum is to be enriched by contributions 



from other fields, the social order must pro- 
vide the greatest possible intellectual, social » 
and personal freedom for scientist and non- 
scientist alike at every level of the social 
structure. 



Mi^or Social Issues of Scientific 
Origin: Signs of Trouble 

How well have we solved those social 
issues which are most closely related to 
scientific or technologic knowledge? Most of 
our successes are self-evident. Scientific 
knowledge is being applied to the develop- 
ment of a new industrial system capable of 
greatly increasing, in both quantity and qual- 
ity, the total wealth of man. We are creating 
a remarkable establishment for medical and 
related research, which has given us mastery 
of many human ills and has prolonged the 
span of life. Nevertheless, scientific prob- 
lems which infiuence social proce«e«; have 
become an arena of serious difficulties. In 
some situations our enhanced ability to con- 
trol nature has gone awry and threatens 
serious trouble. Some examples follow. 

Radiation dangers. It is hardly necessary 
to point out at this time that the difficulties 
created by the dispersion of radioactive 
materials from nuclear weapons have caused 
considerable concern in this country and 
throughout the world. Regarc.ess of one's 
altitude toward the necessity of setting off 
nuclear explosions for testing purposes, 
there is considerable evidence that this 
aspect of human control over nature is a 
potential danger to life. The recent con- 
troversy over the immediate significance of 
this problem shows that we have not yet de- 
veloped methods for the orderly determina- 
tion of the facts, in an area in which such 
facts may infiuence the health of the whcilt 
population of the earth. 

Food additives. The enormous growth of 
industry based on organic syn:hesis, coupled 
with the already mentioned tendency toward 
rapid exploitation of scientific knowledge, 
has resulted in a great increase in the number 
of man-made compounds now used in foods 
or otherwise ingested or absorbed by human 
beings. The period of use of many of these 
substr.,ices has been rather short, and possi- 
ble undesirable long-range biological effects 
have not yet had time to appear. Laboratory 
methods for studying delayed biological 
effects such as carcinogenicity are un- 
fortunately difficult to manage and equivocal 
in interpretation. Consequently, the es- 
tablishment of certification procedures 
which might assure the public that a given 
additive is harmless is a difficult matter 
which has been the subject of considerable 



discussion and controversy. Nevertheless, 
additives arc in use. and the problem of mak- 
ing a reasonable determination of their safely 
must be faced. 

A parallel situation exists in connection 
with the health hazards that arise from the 
dissemination of fumes, smogs, and dusts by 
industrial plants and from automotive and 
other combustion processes. The harmful 
biological effects of these agents usually 
appear a long time after the commercial 
usefulne*^" of the process is established and 
large-scale operations are in effect. By then 
r medial procedures are very diffucit to carry 
out. 

In these cases the use of substances result- 
ing from scientific advance has already out* 
stripped the base provided by our scientific 
knowledge. Information on the biological 
effects of a new substance is acquired at a 
very much slower pace than the rate at which 
new substances arc made or put into use. It is 
probably inevitable that biological research 
will move more slowly ihan cither chemistry 
or physics, but it should be expected, there- 
fore, that we would put correspondingly 
more effort into research on biological phe- 
nomena. The opposite is the case. Less than 
about 10 percent of our total research ex- 
penditure goes into biology and medicine. 

Natural resoutces. The natural resources 
contained in the crust of the earth comprise 
ihe major source of our wea' \ and it is a 
matter of concern that they be properiy used. 
The natural laws which regulate the char- 
acter and behavior of these resources lie 
within the domain of the various sciences. 
However, social decisions actually control 
what is done with our resources. It has been 
pointed out ' Paul B. Sears that these de- 
cisions are really in the hands of scientists. 
Unocr these circumstances large-scale 
changes in our natural resources have oc- 
curred without proper consideration for the 
consequences which might be expected from 
a knowledge of natura' laws. 

An illuminating example cited by Sears is 
the recent fiood disaster in New Engla.^d. He 
points out that the widespread damage 
caused by these fioods was a direct conse- 
quence of the unplanned crowding of hous- 
ing areas into the river fiood-plains. This 
was a failure to recognize and act upon phys- 
ical events easily foreseeable from a rela- 
tively simple knowledge of the landscape. 
The declining water-table caused by irriga- 
tion practices illustrates a .similar disregard 
for natural laws. In these and more complex 
instances, the harmful outcomes of the given 
practice can be predicted by appropriate 
technical analysis. 

These examples show that social factors 
condition the use to which scientific knowl- 
edge is put. Perhaps the most striking ex- 
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ample of this phenomenon is modem war- 
fare, which represents a social decision to 
use the power of scientific knowledge for 
purposes of destruction and death. 

Some Conclustons 

The present state of science and its rela- 
tion to the social structure of which it is a 
part are characterized by the following 
general features. 

1) We are witnessing an unprecedented 
growth in the scale and intensity of scientific- 
work. Research has placed in human hands 
the power to influence the life of every per- 
son in every part of the earth. 

2) This growth has been stimulated by an 
intense demand for the practical products of 
research, especially for military and in- 
dustrial I se. Agencies which use the prod- 
ucts of research are willing to provide finan- 
cial support and other forms of encourage- 
ment for science but show a natural tendency 
to favor those fields and aspects of science 
which most nearly relate to their needs. 

3) The public interest in, and understand- 
ing of, science is not commensurate with the 
importance that science has attained in our 
social sUiicture. It cannot be said that society 
provides good conditions for the proper 
growth of science. The effort to explam the 
nature of science to the public is slight com- 
pared with the public attention now given to 
other, less consequential areas of human 
activity. Interest in science as a career is so 
restricted that a serious and worsening per- 
sonnel situation has arisen. 

4) For reasons such as those just cited, 
science is experiencing a penod of rapid but 
rather unbalanced growth. Basic research, 
which is the ultimate source of the practical 
results so much in demand. Is poorly sup- 
ported and, in the view of some observers, 
lacks vigor and quality. Areas more remotely 
connected with industrial and military ap- 
plications, such as biology and the social sci- 
ences, are also not being adequately sup- 
ported. The present period of rapid, un- 
planned growth in research activities is pre- 
cipitating critical difficulties m connection 
N'ith the dissemination and analysis of 
sc'entific information. 

J) The growth of science and the great 



enhancement of the degree of control which 
we now exert over nature have given rise to 
new social practices of great scope and in- 
fluence, which make use of new scientific 
knowledge. While this advance of science 
has greatly improved the condition of human 
life, it has also generated new hazards of 
unprecedented magnitude. These include the 
dangers to life from widely disseminated 
radiation, the burden of man-made chem- 
icals, fumes, and smogs of unknown biologi- 
cal effect which we now absorb, large-scale 
deterioration of our natural resources, and 
the potential of totally destructive war. The 
determination that scientific knowledge is to 
be used for human good or for purposes of 
destruction is in the control of social agen- 
cie.^i. For such decisions, these agencies and 
ultimately the people themselves must be 
aware of the facts and the probable con- 
sequences of action. Here scientists can play 
a decisive role: they can bring the ^icts and 
their estimates of the result of proposed ac- 
tions before the people. 

Need for Action; The Role of the 
Organizations of Science 

This appears to be a critical time for re- 
view of the general state of science and its 
relation to society. We are now in the midst 
of a new and unprecedented scientific revo- 
lution which promises to bring about pro- 
found changes in the condition of human 
life. The forces and processes now coming 
under human control are beginning to match 
in size and intensity those of nature itself, 
and our total environment is now subject to 
human influence. In this situation it becomes 
imperative tc determine that these new pow- 
ers shall be used for the maximum human 
good, for, if the benefits to be denved from 
them are great, the possiblity of harm is cor- 
respondingly serious. 

As scientists we are particularly concerned 
with determining how we should meet this 
situation, both as individuals and through 
our organizations. In marked contrast to 
other associations, scientific societies sel- 
dom consider the social and economic posi- 
tion of their group. Action taken on social 
problems with a scientific or technologic 
base are sporadic and usually forced. Yet the 



democratic system is operated to a consider- 
able extent under stimulus from groups, each 
representing the views and interest of its 
members. 

Business and labor are not backward m 
presenting their opinions on social questions 
that affect them, lliey make sure that in the 
final decision their views have been consid- 
ered. There are many who think that the 
viewpoint of scientists should also be stated 
publicly. In fact, if others express their opin- 
ions and scientists do not, a distorted picture 
will be presented, a picture in which the im- 
portance of science will be lacking and the 
democratic process will become to that ex- 
tent unrepresentative. 

The need for action is serious and im- 
mediate. Consider, for example, the situa- 
tion related to the biological hazards of 
radiation. It is now 6 months since the radia- 
tion committees of the National Academy of 
Sciences issued a report that called for a 
series of immediate actions including, 
among others: (i) the institution of a national 
system of radiation exposure record-keeping 
of all individuals; (ii) vigorous action to re- 
duce medical exposure to x-rays; (iii'^ 'es- 
tablishment of a national agency to re^ iate 
disposal of radioactive wastes; (iv) establish- 
ment of an international program of control 
and study of radioactive pollution of the 
oceans; (v) considerable relaxation of secre- 
cy about dissemination of radioactivity. In 
addition, the committees pointed out that 
"The development of atomic energy is a mat- 
ter for careful integrated planning. A large 
pan of the matenal that is needed to make 
intelligent plans is not yet at hand. There is 
not much time left to acquire it.'* 

There is no evidence that these urgent 
pleas for action have yet met with any sig- 
nified it response. Clearly,^ this is a matter 
that requires the persistent attention of all 
scientists. It exemplifies the pressing need 
that scientists concern themselves with social 
action. In this situation, the A A AS carries a 
special responsibility. As one of our past 
presidents. Warren Weaver, has said. '*If the 
AAAS IS to be a vigorous force for the bet- 
terment of science, it ^*inot continue in the 
face of crucial situations s ith closed eyes 
and a dumb mouth/* This responsibility has 
already been recognized. What is needed 
now IS a way to meet it. 
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For nearly two decades, scientists 
have viewed with growing concern the 
troublesome events tliat have been 
evoked by the interaction between sci- 
entific progress and public affairs. With 
each advance in our knowledge of na- 
ture, science adds to the already im- 
mense power that the social order ex* 
erts over human welfare. With each in- 
crement in power, the problem of di- 
recting its use toward beneficial ends 
becomes more complex, the conse- 
quences of failure more disastrous, and 
the time fcx* decision more brief. 

The problem is not new, either in the 
history of human affairs or of science. 
What is without past parallel is its 
urgency. 

Four years ago, the report of the 
AAAS Interim Committee on the Social 
Aspects of Science (/) stated: "We 
are now in the midst of a new and un- 
precedented scientific revolution which 
promises to bring about profound 
changes in the condition of human life. 
The forces and processes now coming 
under human control are beginning to 
match in size and intensity those of 
nature itself, and oar total environment 
is now subject to human influence. In 
this situation it becomes imperative to 
determine that these new powers shall 
be used for the r uximum human good, 
for, if the benefits to be derived from 
them are great, the possibility of harm 
is correspondingly serious." 

The Interim Committee also conclud- 
ed that "there is an impending cnsis in 
the relationships between science and 
American society. This crisis is being 
generated by a basic disparity. At a 
time when decisive economic, politxal. 
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cal School; Frank W. Notestein, Population 
Council, New York; Margaret Mead, American 
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representative); and Dael Wollle, AAAS (v ' 



officio). 

iC 



and social processes have become pro- 
foundly dependent on science, the dis- 
cipline has failed to attain its appro- 
priate place in the management of pub- 
lic affairs." 

In the last few years the disparity 
between scientific progress and the res- 
olution of the social issues which it has 
evoked has become even greater. What 
was once merely a minor gap now 
threatens to become a major discon- 
tinuity which may disrupt the history 
of man. 

Rscent events have lent substance to 
the conviction of our committee and of 
its antecedent groups — a. id we believe 
to that of scientists generally — that sci- 
entists bear a serious and immediate 
responsibility to help mediate the ef- 
fects of scientific progress on human 
welfare, and that this obligation should 
be reflected in the program of the 
AAA3. 

In the present report we endeavor to 
translate this conviction into action oy 
suggesting a general approach and some 
sp^^cific procedures which may serve as 
a guide for the development of a AAAS 
program on the role of science in the 
promotion of human welfare. 

Now, as in 1956, our premises are 
these (I): 

1) We are witnessing an unprece- 
dented growth in the scale and intensity 
of scientific work. 

2) This growth has been stimulated 
by an intense demand for the practical 
products of research, especially for mil- 
itary and industrial use. 

3) The public interest in, and under- 
standing of, science is not commensu- 
rate with the importance that science 
has attained in our <;ocial structure. It 
cannot be said that society provides 
good conditions for the proper growth 
of science. 

4) For reasons such as those just 
cited, science is experiencing a period 
of rapid but rather unbalanced growth. 
Basic research, which is the ultimate 
source of the practical results so much 



in demand, is poorly supported and, in 
the view of some observers, lacks vigor 
and quality. 

5) The growth of science and the 
great enhancement of the degree of 
control which we now exert over nature 
have given rise to new social practices, 
of great scope and influence, which 
make use of new scientific knowledge. 
While this advance of science has great- 
ly improved the condition of human 
life, it has also generated new hazards 
of unprecedented magnitude. 



An Estimate of the Present Situatkm 

Since 1956 this general pattern has 
taken on some new features which con- 
cern us at this time. 

1) The conscious exploitation of sci- 
ence for military advantage continues 
at an accelerating rate. But in recent 
years this process has merged with an- 
other, equally important trend: science 
is being pressed into the service of in- 
ternational politics. Scientific accom- 
plishment per se has become an ac- 
cepted — ^and at present dominant — fac- 
tor of prestige among nations. The phil- 
osophy of "getting ahead of the Rus- 
sians'' (or Americans), which once re- 
ferred only to military matters, now 
includes scientific achievements as well. 
This rivalry has strongly motivated the 
recent intensification of government 
support for scientific research. 

2) The rapid emergence of political 
independence among the "underdevel- 
oped" nations of the world, and their 
natural desire to exploit modem tech- 
nology, has added to the importance of 
iitemational exchange of scientific 
knowledge and personnel. Perhaps one 
reason for the rivalry for scientific pre- 
eminence among the more advanced 
nations is the expectati(.n of political 
advantage from this exchange.. 

3) Certain recent scientific advances 
add directly to the ease with which our 
knowledge of nature can be applied to 
the control of human beings and of 
social organization. Development of 
new psychotomimetic drugs and psycho- 
logical techniques have suggested, to 
some, effective means for controlling 
the behavior of social groups. Progress 
in the science of cybernetics and the 
development of automation techniques 
result in new capabilities for direct con- 
trol of social and economic processes. 

4) Despite some recent effort toward 
improvement, there is no reason to alter 
the earliei conclusion that our present 
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social environment does not favor the 
development of an understanding of 
science, or of science's aims and needs. 
The increasingly spectacular practical 
achievements of science have only ac- 
centuated misconceptions about the rel- 
ative significance, for the growth of sci- 
tnce, of practical results and the ad- 
vancement of basic knowledge. To 
many people physical science means 
nuclear energy and rockets. The public 
is sometimes led to expect that biolog- 
ical and medical research will conquer 
every hiunan ailment — will overcome 
death. There is a tendency to equate 
scientific progress with a sum of money 
and a number of people. There is in- 
sufficient appreciation of the signifi- 
cance of basic research, or of the con- 
ditions in which it can flourish. 

The situation appears to be this: We 
are witnessing an unprecedented and 
accelerating rate of growth in man*s 
power over his environment. Science, 
the instrument which produces this 
power, is being consciously exploited 
for industrial, military, and political 
purposes. At ihe same time there is 
little rc:cognition of the internal needs 
of science, or of its purposes as a dis- 
cipline of the human mind. 

In this situation it is inevitable that 
the inner strength of science should 
suffer, for what is essential to the proper 
growth of science is often in conflict 
with the conditions of its service to mil- 
itary and political affairs. 

An important example of this effect 
is the matter of "competition." The mil- 
itary and political advantages, to a na- 
tion, of scientific progress within its 
own borders are self-evident. Yet, it is 
a truism — but nevertheless a vital one 
— that nature is the same everywhere, 
and that the stMdy of nature is an ac- 
tivity of the whole human race. Any 
effort to divide science into fragments 
which are delimited by national bound- 
aries, and dominated by a local social 
philosophy, will inevitably restrict the 
free discovery and communication of 
new knowledge that is the substance of 
scientific progress. A ^ nationalistic" sci- 
ence is an anachronism which cannot 
long continue without damage to sci- 
ence, and eventually to the nation. 

What, then, is the scientist's respon- 
sibility to his own nation's scientific ef- 
fort? Clearly, we need to understand 
that what science contributes to the na- 
tional purpose is measured by *;vhat it 
adds to the sum of human knowledge; 



science serves the nation by serving 
humanity. 

A further examination of the effects 
of the present social uses of science on 
life inside the house of science itself 
leads to even more disturbing conclu- 
sions. There is some evidence that the 
integrity of science is beginning to 
erode under the abrasive pressure of its 
close partnership with economic, social, 
and political affairs. 

In rscent controversies about fallout 
and the detection of nuclear explosions, 
partisanship on the part of some sci- 
entists for a particular political ap- 
proach to the problem has been so in- 
tense in some instances as to cloud — at 
leost in the public mind — the identity 
between science and an objective regard 
for the facts. 

The grim international competition 
for "sUi emacy" in scientific accom- 
plishment also endangers the integrity 
of science. Unseemly claims of pri- 
ority may be encouraged. Premature re- 
ports of new scientific discoveries, 
which will occur to some extent in any 
circumstances, may be permitted to ac- 
quire a semblance of credibility. 

An illustration — as yet unrealized — 
is the matter of "the creation of life." 
Some scientists believe that the proper- 
ties of life are inherent in the chemistry 
of nucleic acid, and would regard the 
artificial synthesis of a reproducible 
nucleic acid or nucleoprotein molecule 
— which may occur in the reasonably 
near future — as the "creation" of life. 
Other sci'^ntists would disagree with this 
interpretation because they believe that 
nucleic acid, nucleoprotein, or anything 
less than a living cell is not "life," for 
the reason that it is not a self-sufiicient 
replicative agent. 

Under ordinary circumstances this 
difference of opinion would be occa- 
sionally debated among scientists and 
finally resolved when the weight of ev- 
idence on one side or the other became 
sufficiently strong, or when a new and 
more acceptable idea emerged. How- 
ever, in the present circumstances this 
matter may take another course. There 
is some evidence that a claimed "crea- 
tion of life" based on the test-tube syn- 
thesis of an infectious molecule might 
be regarded by a government as a sci- 
entific accomplishment of great political 
importance- -a kind of ''biological Sput- 
nik." In this case, scientists may be 
hard pressed to persuade government 
officials — and perhaps even some o^ 



their colleagues — that the discovery 
should be given an interpretation which 
is less dramatic but more in keeping 
with the divided scientific opinion of its 
significance. 

It is evident that the accelerating 
progress of science has evoked a num- 
ber of serious problems that affect both 
the social order and the internal situa- 
tion of our scientific establishment. 
Having become a major instrument in 
political affairs, science is inseparably 
bound up with many troublesome ques- 
tions of public policy. That science is 
valued more for these uses than for its 
fundamental purpose — the free inquiry 
in'iO nature — leads to pressures which 
have begun to threaten tne integrity of 
science itself. 

Sdentbts^ Approaches to 
Their Social Responsibiliti«o 

It can be seen from the foregoing 
discussion that the scientific community 
is faced with numerous problems that 
very seriously affect the development of 
science and the future of society. How 
have scientbts responded to this chal- 
lenge? 

Since World War II there has been a 
considerable growth in scientists* partic- 
ipation in political affairs. The growth 
has been intermittent, and based on a 
variety of views of the scientists' rela- 
tion to social problems. 

The Federation of American Scien- 
tists, initiated by scientists involved in 
the wartime atomic bomb project, is 
frankly designed to give scientists a 
direct voice in discussions of politicd 
matters that relate to science. The Pug- 
wash movement and the less formal 
groupings represented by the Bulletin 
of the Atomic Scientists take the view 
that scientists can serve ^ useful func- 
tion in proposing political solutions to 
the international problems that result 
from the applications of modem sci- 
ence. This approach results in a delib- 
erate effort, on the part of these scien- 
tists, to persuade government agencies 
to follow a recommended course of ac- 
tion. A third group is typified by the 
Society for Social Responsibility in Sci- 
ence, which takes the view that scien- 
tists have a moral responsibility to -try 
to limit to ethical uses the applications 
of science and technology. 

In the 1956 Presidential campaign, 
ad hoc groups of proponents for both 
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political parties developed among scien- 
tists. During the past year both parties 
have organized scientific advisory com- 
mittees, which will presumably provide 
the "scientific authority" for the posi- 
tions that these parties will take in the 
1960 campaign. 

Finally, some scientists take the >1ew 
that their proper role with respect to 
questions of policy that are related to 
science is to bring to public attention 
the relevant facts and scientific prin- 
ciples and an explanation of the limits 
of accuracy and alternate interpreta- 
tions that apply. Thus informed, the 
citizen is prepared to make his own 
choice between possible solutions. This 
approach has been the basis for the 
formation in St. Louis of the Citizens 
Committee for Nuclear Information, a 
group of scientists and citizens devoted 
to the dissemination of information 
about the radiation problem. A group 
of scientists with a similar purpose, the 
Scientists Committee for Radiation In- 
formation, has been organized in New 
York City under the auspices of the 
New York Academy of Science. 

This account shows that scientists are 
trying to meet their social responsibil- 
ities in a variety of ways. It also sug- 
gests that no single approach has as yet 
won the active participation of more 
than a very small part of the scientific 
community. Nor has there been a sus- 
tained development of these activities. 
Indeed, in the last few years activity on 
these matters within the scientific com- 
munity has been relatively slight. 

If we regard participation in the reso- 
lution of public issues related to science 
as a part of the scientists* professional 
responsibilities, we must conclude that 
the scientific community has not yet 
developed a consistent, widely sup- 
ported way of meeting this obligation. 

A Suggested Approach 

This committee and its antecedent 
groups have developed a distinctive ap- 
proach to the matter of how scientists 
and their professional organizations 
(and in particular, the A A AS) can 
best function with respect to the public 
issues that involve the progress of 
science. 

To begin with, we suggest that the 
issues fall into two classes with respect 
to where, in our social structure, their 
ultimate solutions lie. Certain prob- 
lems — for example, the effects of public 
^ licy on the development of science 



itself — are matters in which scientists, 
as scientists, have a particular interest, 
responsibility, and experience. In the 
solution of these problems, the opinions 
of the scientific community should 
carry some special weight, and scien- 
tists should accept the obligation to 
develop and explain these opinions. 

The more difiScult problems are those 
which do not so exclusively concern 
scientists but which have a broad re- 
lation to public policy and affect all 
citizens equally. An example of such 
a problem is public policy In r^^lation 
to nuuear energy, but this is only the 
most obvious of a growing class of 
troublesome issues. 

It is our view that such problems are 
m essence social and political. We ex- 
pect fae choice among alternative solu- 
tions of these problems to be made 
through the normal, democratic pro- 
cesses of social and political decision- 
making, in which all citizens participate. 

In this respect the general issues that 
relate to scientific developments do not 
differ from other social and political 
questions. The difference between them 
lies at a less fundamental level. In the 
case of the more familiar questions of 
public policy, the facts which the citi- 
zen, or the government official, requires 
to make an informed choice between 
alternative solutions are relatively ac- 
cessible and the consequences of dif- 
ferent solutions are more or less ap- 
parent. On the other hand, the factual 
background and implications of the 
issues with which we are concerned in- 
volve scientific and technical data, often 
in areas relatively new to science, which 
are in themselves complex. Many citi- 
zens are neither familiar with science 
generally nor well informed about the 
specific developments v/hich are at the 
root of present public issues. Scientists 
as well as other citizens often lack the 
relevant scientific facts and are unable 
to visualize the effects of alternative 
courses of action. In these circum- 
stances, there is little reason to hope f r 
informed decisions about questions of 
public policy that relate to science. 

In our view, this deficiency is a major 
cause of the difficulties that now im- 
pede the proper development of public 
policy on science-related issues. This 
conclusion can be documented in de- 
tail from recent experience regarding 
public policies on radiation hazards, 
food additives and insecticides, the 
significance of space exploration, the 
nature of modem warfare, the popula- 
tion question. This list also illustrates 



the importance which such issues have 
assumed in public affairs. 

The foregoing analysis leads to a 
distinctive view of the part which die 
scientist and his professional organiza- 
tions should play in the social proc- 
esses involved in the resolution of 
science-related issues. 

With respect to the process of deci- 
sion-making, the scientist's role is simply 
that of an informed citizen. Like any 
other citizen, the scientist is free to 
express his opinions regarding alterna- 
tive solutions for matters of public 
policy and will pediaps join with like- 
minded citizens in a group effort to 
foster the solution he prefers. This 
role does not derive from the scien- 
tist's professional competence or obli- 
gations but only from his citizenship, 
and therefore it bears no direct rela- 
tionship to his professional oTiganiza- 
tions. 

But in the matter of provi^ling citi- 
zens with the knowledge required to 
make informed decisions on ;^cience- 
Tclated public issues, the scientist <in^ 
his organizations have both a unique 
competence and a special responsibility. 
As th; producer and custodian of sci- 
entific knowledge, the scientific com- 
munity has the obligation to impart such 
knowledge to the public. 

The scientific community has another 
special competence (which derives 
naturally from its concern with new 
and potentially significant attributes of 
nature), for attempting to detect incip- 
ient problems before they become un- 
necessarily acute. For example, the 
likelihood that the relation between 
nutrition and the development of can- 
cer would eventually become a practical 
problem for the food industry — a mat- 
ter which is at present agitating farmers 
and food processors — has been ap- 
parent from the work of investigators 
in many countries for the past 15 to 
20 years. 

Early detection of such problems is 
one of the most important direct con- 
tributions science can make toward 
their solution. Too often the most 
serious obstacle to the solution of such 
issues is that they are recognized only 
after the commitment of massive and 
essentially irrevercible economic and 
social investments. If the Los Angeles 
area were now about to be settled, it 
would be a relatively simply matter, 
given our present knowledge about the 
causes of smog, to make plans tlat 
would prevent a future smog problem. 
How much more costly is the real situa- 




tion, which may require that an entire 
community's reliance on gasoline- 
powered transport be altered! !n its 
fields of competence, foresight is a 
capability and, in our view, a respon- 
sibility of the scientific community. 

It follows, then, that the scienti^c 
community should accept the obliga- 
tion to dettiinine how new advances in 
our understanding and control of nat- 
ural forces are likely to affect human 
welfare, to call these matters to public 
attention, and to provide for the public 
and its social and political agencies the 
objective statements cf the facts and 
of the consequences of alternative 
policies that are required as the basis 
for infonned decisions on the relative 
merits of proposed courses of action. 

At what point in the social proces<" 
should the scientific commur^ity enter 
as an agency of information? One view 
is that, since most social decisions are 
executed by government, the scientist's 
function is to inform and advise govern- 
ment departments and officials. The 
government does, of course, need such 
advice, and a number of useful methods 
of providing it have been evolved. In 
these instances, scientists serve only by 
invitation. Inevitably, the general con- 
tent of the information that is pro- 
vided and the tenor of the advice that 
is offered are to some degree con- 
ditioned by the particular interests of 
the requesting agency, which deter- 
mines what questions are asked and 
who is given an opportunity to answer 
them. 

Such a relationship does not ;vholly 
fulfill the scientist's social role, as we 
see it. In dealing with social issues, the 
scientific community must demonstrate 
its responsibility and its inherent re- 
gard for truth and objectivity add 
must zealously preserve the freedom of 
thought and communication that is es- 
sential to the pursuit of these goals. 
Accordingly, we believe that the sci- 
entific community ought to assume, on 
its own initiative, an independent and 
active informative role, wheiher or not 
other social agencies see any immediate 
advantage in hearing what ihe scientist 
has to say. 

We believe, also, that what scientists 
have to say about the social fmplica- 
tions of science should be addressed 
directly to the genera! public. Our 
traditional preference for democratic 
procedures requires that the citizen be 
sufficiently informed to decide for him- 
self what is to be done about the issues 
^ that scientific prog.jss has thrust upon 
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us. Furthermore, our command over 
natural forces — for example, the des- 
tructive potential of nuclear war — is 
now so great as to create social and 
moral questions of such great moment 
that no social agency ought to intervene 
between the issue and the public. 

In sum, we conclude that the >v • 
entific community should, on its own 
initiative, assume an obligation to call 
to public attention th^«^ issues of public 
policy which relate to science, and to 
provide for the general public the facts 
and estimal-^s of the effects of alterna- 
tive policies which the citizen must 
have if he is to participate intelligently 
in the solution of these problems, 
citizenry thus informed is, we believe, 
the chief assurance that science will be 
devoted to the promotion of human wel- 
fare. 



Questioiis of Immediate Importance 

Many specific problems commarc* 
the attention of scientists who are con- 
cerned with meeting their responsibility 
to mediate the interaction between 
science and society. In choosing certain 
issues for emphasis, we have adopted 
the view that it is more important to 
learn how to deal with the difficult prob- 
lems than with the simpler ones. 

The problems presented below have 
been chosen with this in mind. Other 
issues may appear to be more important 
to other observers; we shall welcome 
our colleagues' recommendations in 
this regard. 

1) The social consequences of tech- 
nological progress. It is characteristic 
of the present situation that scientific 
advances lead to a very profound level 
of control over our environment and 
to widespread effects on nature. Often 
the benefits which are the original aim 
of a particular application of science 
are accompanied by secondary effects 
that cause unanticipated harm. The ap- 
plication of new scientific advances 
calls for social decisions which weigh 
the benefits against the disadvantages, 
and the public needs have the facts 
relevant to such a decision. The sci- 
entific community faces an immediate 
need for developing the necessary edu- 
cational programs. Important examples 
of such problems include: (i> the gen- 
eral effects of technological advances, 
such as that of automation on industrial 
development, or of rapid social changes 
on health; (ii) the effects of radiation 
from *nilitary and peaceful applications 
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of nuclear energy; (iii) the effects of 
new organic insecticides, food addi- 
tives, and food colors on animals and 
man; (iv) artificial control of the 
weather; and (v) population control. 

2) The association of scientific re- 
search and military activities. Military 
usefulness is, at present, a dominant 
motivation in the social support of sci- 
entific research and has a profound 
effect on the development of our sci- 
entific establishment. Any significant 
change in the pattern of military activi- 
ties—disarmament, for example — ^is 
likely to cause serious changes in re- 
search opportunities. The close associa- 
tion of science with recent military ad- 
vances tends to foster a public image 
of science and the scientist which is 
not in keeping with the inherent goals 
of the discipline. The secrecy associated 
with military applications may restrict 
the development of science. Some ob- 
servers regard the problem of prevent- 
ing the catastrophic application of the 
power of science in war as a matter 
which overshadows all others. 

There is an obvious need for the 
scientific community to give attention 
to the wide range of problems arising 
from the close linkage of science and 
military activity.. The role of science in 
possible efforts toward disarmament and 
the practical impact of disarmament 
on scientific research are of immediate 
concern. 

3) International aspects of science. 
Science figures prominently in the in- 
tense political rivalry among the major 
nations of the world. This use of sci- 
ence tends to conflict with its basic 
international character, and means must 
be found to resolve this difficulty. A 
useful innovation has been the develop- 
ment of collaborative international sci- 
entific programs, such as those associ- 
ated with UNESCO, the WorlJ Health 
Organization, CERN, and the IGY. A 
number of proposals for similar pro- 
grams in medicine, space research, and 
oceanography have been made. This 
area is a fruitful field for developing 
new ways to foster a sound develop- 
ment of collaborative science. Of partic- 
ular importance are international pro- 
grams to provide scientific and tech- 
nological assistance to underdeveloped 
nations. 

4) Government support for scientific 
research. This 'Problem has received 
considerable attention in the last few 
years, but two recent discussions [the 
Parliament of Science (March 1958) 
and the Symposium on Basic Research 
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(May 1959)1 have shown that no ade- 
quate solution is in sight. The basic 
difficulties seem to be the absence of 
any over-all rationale in the support of 
science and the overemphasis on proj- 
ects that give prc;iiise of immediate 
practical results. We find, as a conse- 
quence of this emphasb, that the major 
part of governmental research support 
(about 87 percent in the projected 1961 
budget) is in the jniJtiary area, that 
basic research is inadequately sup- 
ported, that the pattern ol support is 
not conducive to the development of 
free inquiry into nature, and that the 
narrow base of support is distorting the 
development of science as a whole, in 
our universities in particular. Various 
soluUons have been proposed, none of 
which has as yet received really wide 
support in the scientific community. A 
spscific example is the proposal for the 
establishment of a federal Department 
of Science. Cleariy, further analysis 
and discussion of this problem are 
greatly needed. 

5) How can scientists best meet their 
social responsibilities! From what has 
been said above it is clear that the 
scientific community has not yet devel- 
oped a widely accepted means of per- 
forming its function in connection with 
public issues related to science. It 
would be useful, therefore, to stimulate 
discussion among scientists on how 
such activity can best be developed 
and to encourage efforts whi. h seem to 
promise success. 

6) The integrity of science. As sci- 
ence becomes more deeply involved in 
the frequently discordant ^ Tairs of pub- 
lic life and in highly competitive social 
endeavors, we may expect a gi owing 
pressure toward relaxation of the tradi- 
tional rules for the conduct of science: 
objective, open communication of re- 
sults; rigorous distinction between fact 
and hypothesis; candid recognition of 
assumptions and sources of error. It is 
these rules which permit science to 
progressively increase our understand- 
ing of and control over nature.. With- 
out them science becomes useless, and 
even dangerous to the social order. If 
the scientific community is to accept 
the obligation to participate in public 
affairs, means must be found to 
strengthen the discipline's rules of con- 
duct. Some observers favor the adoption 
of a code of ethics; others propose less 
direct means of maintaining scientific 
objectivity. To begin with, ihere is a 



clear need for candid discussion of this 
problem. 

Proposed Procedures for 
AAAS Consideration 

We wish to confirm the general pro- 
cedural approach suggested by our 
antecedent committee in its 1958 report 
to the AAAS Board of Directors. In 
summary we suggest that AAAS activi- 
ties follow these steps .with respect to 
any given issue: 

1) Stimulation of discussion, within 
the scientific community, of issues relat- 
ing science and human welfare. Such 
discussion would result in the identifi- 
cation of issues which the scientific 
community regards as of most im- 
mediate interest and would serve as a 
guide for the development of a specific 
program. We urge our colleagues to 
submit articles and comments for pub- 
lication, and we welcome direct com- 
munications to this committee as well. 
Symposia and other discussions on these 
matters should be organized in con- 
nection with the AAAS annual meeting. 

2) Assembly of the facts relevant to 
a given issucy We propose that a de- 
tailed report directed toward the sci- 
entific community be prepared after an 
issue has been identified. Such a report 
would include the relevant data, a dis- 
cussion of assumptions and sources of 
error, and a description of the ex- 
pected consequences of alternative 
courses of action. The report would 
not recommend a specific course of 
action. The report would be made 
widely available to the scientific com- 
munity, either directly or by publica- 
tion in a suitable journal. For the prep- 
aration of such reports we would rely 
on ad hoc committees, conferences, 
and symposia. 

3) Preparation and dissemination of 
reports for the general public. We pro- 
pose that the content of the report 
should then be translated into forms 
suitable for distribution to the public 
through all available channels. This 
step is part of the program of the 
AAAS Committee on Science and the 
Public and would be carried out in ac- 
cordance with plans which that com- 
mittee is developing. An important 
aspect of these activities is the proposed 
appointment of a new member of the 
AAAS staff to supervise work in this 
area. Our own committee will cooperate 



in this stage of the program. 

4) Development of liaison between 
scientists and the public on a local 
basis. It is expected that, as the fore- 
going program progresses, citizens will 
develop an increasing interest in learn- 
ing more about the facts relevant to a 
particular issue directly from scientists 
in their own community. Many scien- 
tists report an increasing demand from 
local civic groups for lectures '•n con- 
temporary issues. As already ed, in 
some communities scientists have 
formed organizations devoted to in- 
forming the public about radiation 
problems. The British Association for 
the Advancement of Science has 
organized local groups to meet public 
demand for information on these and 
related problems. The success of these 
activities suggests possible extension, 
both geographically and with respect to 
the types of issues considered. Our 
committee may serve a useful function 
in stimulating such developments. 



Conclusion 

In this report we have reviewed the 
momentous problems which result from 
the interactions between the social order 
and the progrtoS of science. We con- 
clude that the scientific comm^mity 
bears a serious responsibility for help- 
ing to solve these problems, and have 
suggested a program that might accom- 
plish this aim. 

Such a program does not yet exist, 
and it would be appropriate for the 
AAAS to help bring it into being. The 
task is not an easy one. It will add to 
the scientist's burden of work; it will re- 
quire from the citizen more attention to 
public affairs; it will demand new social 
inventions. But we believe that a society 
capable of producing the enormous new 
pov/ers of science ought to be capable 
of finding the means of comprehending 
their effects on the social order. And we 
are confident that with such understand- 
ing, science — as an expression of the 
creative gifts of the human mind — ^will 
flourish, and the power which it endows 
will be turned more fully to the promo- 
tion of human welfare. 
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Problems of scientific freedom and re- 
sponsibility arc not new; one need only 
consider, as examples, the passionate con- 
troversies that were stirred by the work of 
Galileo and Darwin. In our time, however, 
such problems have changed in character, 
and have become far w.ore numerous, 
more urgent, and more complex. Science 
and its applications have become entwined 
with the whole fabric of our lives and 
thoughts. On the one hand, basic science 
has enlarged our intellectual horizons- 
one need only mention as examples the vis- 
tas opened up by the formulation of quan- 
tum mechanics and the discovery of the ge- 
netic code. Applied science has largely 
freed mankind from the terrors of infec- 
tious tiisease; but these terrors have been 
replaced by new terrors, also the fruits of 
science. These inr»ude not only nuclear 
weapons with their incomparable powers 
of devastation but also such organic chem- 
icals as the dioxins. accidentally discovered 
as contaminants of certain herbicides, 
which can kill guinea pigs at dosages as 
low as 600 parts per trillion (/) and are 
perhaps comparably poisonous for human 
beings. The unprecedented rate of popu- 
lation growth in our time, largely a con- 
sequence of advances in medical science, 
sanitary technology, and transportation, 
threatens the ecological balance of the 
earth and raises the specter of catastrophic 
famines. 

These and other problems have led »o in- 
tense and often bitter disputes among 
members of the scientific community, and 
between scientists and policy-makers. As 
examples we may recall the controversies 
over the biological hazards of nuclear 



weapons testing, over the use of defoliants 
and herbicides in the Vietnam War. over 
the effects of DDT and other chlorinated 
hydrocarbon pesticides, over the antiballis- 
tic missile program, over the supersonic 
transport, and over the extent of the haz- 
ards from nuclear power plants. In these 
conflicts the contestants are often unevenly 
matched, with powerful industrial and gov- 
ernmental forces on one side and a small 
group of critics on the other. There have 
been attempts to suppress important scien- 
tific data that appeared unfavorable to the 
policies of some powerful organizations. If 
wise policy decisions are to be made amid 
such pressures, there is a compelling need 
for fair hearings, due process, and public 
access to all relevant information. 

The American Association for the Ad- 
vancement of Science (AAAS) is deeply 
concerned that such issues should be dealt 
with, and resolved, in a responsible fash- 
ion. It would of course be far beyond the 
capacity of the Association to act as a 
court of appeal in such disputes, except in 
very rare and special cases. However, be- 
cause of its concern with the policy issues 
involved, the Board of Directors of the 
AAAS charged this Committee to con- 
sidf^r the following matters: 

1) To study and report on the general 
conditions required for scientific freedom 
and responsibility. 

2) To develop suitable criteria and pro- 
cedures for the objective and impartial 
study of ihese.problems. 

3) To recommend mechanisms to enable 
the Association to review specific instances 
in which scientific freedom is alleged to 
have been abridged or otherwise endan- 
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gered, or responsible scientific conduct is 
alleged to have been violated. 

The full text of our report in response to 
this charge is being issued as a special pub- 
lication of the AAAS. Here we set forth 
the major features of that report more 
briefly. 



The Scientific Community: 
Its Rights and Responsibilities 

The American scientific community, as 
we define it. includes a wide range of very 
diverse individuals— basic scientists in uni- 
versities, research institutes, and govern- 
ment laboratories; engineers; workers in 
medicine and public health; graduate stu- 
dents and technicians working on scientific 
problems; and teachers of science in col- 
leges and secondary schools. The dis- 
cussion that follows apolies primarily to 
scientists involved in basic or applied re- 
search, but in large measure it is relevant 
to the whole scientific com nunity. 

The Committee conclided. early in its 
deliberations, that issues of scientific free- 
dom and responsibility are basically in- 
separable. Scientific freedom, like aca- 
demic freedom (2), is an acquired right, 
generally accepted by society as necessary 
for the advancement of knowledge from 
which society may benefit. Scientists pos- 
sess no rights beyond those of other citi- 
zens except those necessary to fulfill the re- 
sponsibilities arising from their special 
knowledge, and from the insight arising 
from that k. :)wledge. 

Later we shall have much to say of the 
activities often referred to as "whistle 
blowing" in which issues of freedom and 
responsibility are inextricably inter- 
mingled. Whistle blowing involves situ- 
ations in which a scientist, engineer, physi- 
cian, or other expert becomes aware of 
hazards aruing from some process, mate- 
rial, or product, or becomes aware of pos- 
sible improvements in technology or pro- 
cedure that deserve to be adopted but are 
being neglected. Issues of public safety are 
free »ently involved, and often the whistle 
blower work^^ for the marketer of the pro- 
cess or product Some may argue that per- 
sons with expert knowledge have a "right" 
to release information in their possession, 
if such release is in the public interest. Oth- 
ers would say that it is the responsibility of 
such experts to release the information, 
even though ihey might prefer to remain 
silent. Both rights and responstbtiittes are 
clearly involved here, but it seems clear to 
us that the rcsponsibtlitt'^s are primary 

Presumably the potential whistle blower 
will begin by reporting his concern to his 
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%i employer and urging that corrective mea- 
sures be taken; if the mailer can be seiilcd 

; without appeal to ouiside auihorliy, so 

much the better. If this step fails, however, 
and the concerned employee decides thai 
he has the responsibility to make the mat- 
ter public, he faces obvious risks that may 
include the loss of his job. If whistle blow- 
ers are to be encouraged to take such 
risks— and we believe that they should be 
encouraged, when serious issues are in- 
volved— they must be assured of some 
form of due process in passing judgment 
on the issues that they raise. This would 
call for the presence of outside independent 
members on any board ihat passes judg- 
ment on the issues, and should also include 
some right of appeal. We return to these 
matters later. 

Should There Be Forbidden Areas 
in Basic Research? 

Those for whom the advancement of 
knowledge is a supreme value might be- 
lieve that, in basic research as distinct from 
applied science and technology, no subject 
should be declared off limits. Yet there are 
clear inhibitions on some kinds of research 
involving human beings, and indeed ani- 
mals. Today we are increasingly conscious 
of the need for informed consent in studies 
of human physiology and behavior that 
may involve risk to the experimental sub- 
ject. With young children, informed con- 
sent is impossible to obtain; parents or 
guardians must take the heavy responsi- 
bility of giving consent for \he child. Some 
experiments may endanger the health, or 
even the lives, of the participants; some 
psychological experiments could be re- 
garded as morally degrading or psycholog- 
ically damaging. In such cases, review of 
the proposed experiments by a qualified 
panel of experts may provide more effec- 
tive protection to the subjects than the at- 
tempt to obtain their informed consent, al- 
though we would insist on the importance 
of the latter. 

Some experiments are justified, even if 
they involve great risks. The experiments 
that conclusively demonstrated the trans- 
mission of yellow fever by mosquitoes in- 
volved the death of one subject. Dr. Jesse 
Lazear Those who took part knew they 
were risking their lives. Such heroic experi- 
ments are fortunately seldom called for, 
but they may well be needed from time to 
time in the future. 

Recently, in a statement probably un- 
precedented in the hi»:rry of science, a 
group of eminent mo.;cular biologists, 
headed by Paul Berg of Stanford Univer- 
Q have deliberately renounced, for the 
FRir^ being, certain experiments on the 



transplantation of foreign genes into bac- 
teria because of potential though as yet un- 
proven hazards to human health (i). This 
group has spoken with authority as the 
Committee on Recombinant DNA Mole- 
cules of the Assembly of Life Sciences of 
the National Academy of Sciences. Their 
views have received wide public attention; 
of course, this coL^miliee has no police 
powers to enforce its recommendations, 
but its influence is great and as yet appears 
not to have been seriously challenged. The 
members of the committee are well aware 
of the dilemma; the experiments that are, 
for the present, being renounced are not 
only of great scientific interest but also 
might make positive contributions to hu- 
man health and well-being. The decision 
involves an expert balanced judgment of 
probabilities and risks (3a). 

The grounds cited for refraining from 
these experiments—to protect human 
beings from possible new and dangerous 
infections— are quite different from the 
ethical problems of present or future "ge- 
netic engineering/' as with the possible 
production of multiple copies of people 
with identical genotypes by cloning. The 
suggested threats here are not so much to 
health as to human integrity, dignity, and 
individuality. It seems to us proper to be 
on the alerl for such possible threats, but 
we see no justification as yet for attempts 
to impose restrictions on the freedom of 
genetic research. We hold that the dangers 
today are remote, and that they are deci- 
sively outweighed by the great benefits that 
such research can bring. 

Restrictions on Needed Research: 
Fetal Research as an Example 

As we have said above, the advancement 
of knowledge by research must often be 
balanced against risks to experimental 
subjects that may be involved in gaining 
thai knowledge. The complexity of toe is- 
sues involved emerges from the diverse 
points of view that have been collected and 
set forth in much recent discussion, nota- 
bly in a comprehensive book (4) and in a 
symposium (5). 

In some important instances we believe 
that current restrictions on research have 
gone too far. Thus the National Research 
Act of 1974 has, at least temporarily, 
banner! research on any **hving** human 
fetus, either before or after induced abor- 
tion, except in the very unlikely event that 
the experiment is intended to save the life 
of that particular fetus (6). 

We strongly oppose such restrictions. 
Research on the human fetus, over the past 
two decades, has yielded major benefits for 
human health. Behrman (7) has pointed 

2f>4 



out how many diseases that we can now 
diagnose or treat, or both, would have been 
unmanageable if a ban on fetal research 
had been in effect. Especially notable is Rh 
disease, which is now totally preventable, 
thanks in considerable part to fetal re- 
search. The human fetus is extremely sus- 
ceptible to many drugs, as the thalidomide 
disaster dramatically demonstrated. Like- 
wise, the fetus is far more susceptible to ra- 
diation damage than the adult. Research 
on fetuses that do not survive abortions 
can help us to discover how to give protec- 
tion from Such harmful agents to thou- 
sands of other fetusec that are destined to 
reach full term and to grow into healthy 
adults. We would urge that fetal research 
not only be permitted but intensified, sub- 
ject to careful peer review of the research 
projects involved. 



The Conflict between Science and Secrecy 

Many scientists, especially those em- 
ployed in industrial firms and in some gov- 
ernment laboratories, spend much or most 
of their time in work classified as secret. 
Often the grounds for secrecy appear com- 
pelling. Nevertheless, scpnce inevitably 
suffers from the imposition of secrecy on a 
research project. The reasons were well 
stated in the report of the AAAS Com- 
mittee on Science in the Promotion of Hu- 
man Welfare (5, p. 177): 

Free dissemination of information and open 
discussion is an essential pan of ihi- scirniilic 
process Each separate study of nature viclds an 
approximate result and inevitably contains sonic 
errors and omissions Science gets at the truth 
by a continuous process of •elf-examinaiion 
which remedies omissions and corrects eirors 
This process requires free disclosure of results, 
general dissemination of findings, mter- 
preiaiions. conclusions, and widespread veri- 
fication and crslicism of results and conclusjons 

That report provided specific examples 
to illustrate these general conclusions and 
showed that seciw*cy almost always im- 
pedes scientific progress; in applied .science 
and technology it frequently permits haz- 
ards to develop that could be eliminated if 
information were publicly available Wc 
believe that, with ri^e exceptions, data that 
provide a significant advance in fundamen- 
tal .science should not be kept secret, ex- 
cept in a major war situation, as with the 
atomic bomb in World War II Fven in 
such cases information should remain clas- 
sified c.nly for a limited and specified time: 
It should then be released a idiomatically, 
unless a strong specific case can be made 
for withholding a particular piece of infor- 
mation for a further limited time. Wc 
should look at claims of "national secu- 
rity" with a very critical eye; such claims, 
as we have good rea.son to know from re- 
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cent experience, often serve to cover up 
governmental ineptitude or corruption. 

Technology and Innovation: 

Their Multiple and Complex Effects 

When we turn from the problems of ba- 
sic science to those of applied science and 
technology, the problems of freedom and 
responsibility become even more formi- 
dable. Whatever the intentions of tech- 
nological innovators, the results of in- 
novation are always more complex than 
the innovators intended, and usually more 
confiplex than they could even imagine. 
These facts, in our time, have created a 
compelling need for the assessment of ma- 
jor technological innovations, and for their 
critical evaluation and control. The .so- 
called **side effects" of innovation are of- 
ten deleterious and not infrequently are so 
pronounced that they dominate the pri- 
mary effect that was intended. 

The history of the use of DDT p;ovides 
an example of such complexity (9). Its use 
brought a dramatic halt to a cholera epi- 
deniic in Naples in World War II; its ini- 
tial success in destroying agricultural pests 
was spectacular. Only a few biological ex- 
perts warned of trouble at that time Grad- 
ually problems appeared, as insect pests 
developed resistance to DDT. a.s. in many 
cases, the pesticide destroyed the natural 
enemies of the pests, as the long per- 
sistence of DDT in soil was discovered, and 
Its progressive concentration in food 
chains led to the killing of great numbers 
of certain birds and fishes. All this has led. 
in the United States, to the banning of 
HDT for nearly all uses Yet in countries 
where malaria is widespread, the spra>ing 
of house interiors with DDT has proved 
the most effective antimalarial technique 
available. In Sri Lanka (Ceylon) malaria 
had almost dis ippearcd b> 1963. when the 
DDT program was stopped. Then, in 1968 
and 1969. there was an explosive increase 
in the number of infections. In 1967 only 
3.465 cases had been reported; in 1968 the 
number rose to 425.937. and in early 1969 
the rate of infection was even higher {10). 
Other factors were at work, of course, the 
World Health Organization attributed the 
rise in the incider.ce of malaria in large 
part to conditior.^ that were unusually fa- 
vorable to the breeding of the Anopheles 
mosquito and to unusual human popu- 
lation movements that helped to spread the 
infection (//). Nevertheless, until we have 
something better. DDT appears to be an 
essential component of an> major program 
of mala ru*. control. 

Other complexities have arisen in con- 
nection with programs for international 



development. Dams and irrigation 
schemes have vastly increased the in- 
cidence of bilharziasis (schistosomiasis), a 
debilitating disease for which there is as 
yet no effective cure (12). The disastrous 
effects of the recent catastrophic droughts 
in the Sahei region, south of the Sahara, 
have been accentuated by some tech- 
nological innovations, notably, for ex- 
ample, by the drilling of thousands of deep 
boreholes which have tapped the abundant 
water far below the surface. The resultant 
wells encouraged a great increase in the 
si/c of the cattle herds, pasture instead of 
water became the limiting factor in num- 
bers of cattle. As pasture dried up in the 
drought, countless thousands of dead and 
dying cattle were clustered around the 
boreholes, while the surrounding land, for 
miles around, was ravaged by trampling 
and overgrazing. These wells, drilled by 
men of good will and technical skill in or- 
der to bring more water to the people and 
cattle of the Sahel. became a major factor 
in intensifying a great human and natural 
disaster (/i). 

These illustrations could be multiplied a 
hundredfold. Let us add at once that we 
are not among those who consider that 
there is something inherently evil about 
technology. Technology has been indis- 
pensable for the rise of all civilizations, and 
new technology is essential for the survival 
of our own civilization. As an example we 
need only mention the need for the devel- 
opment of new energy sources solar and 
geothermal energy and nuclear fusion, for 
instance that may be less polluting than 
fossil fuels and less hazardous than nuclear 
fission. 

LikewLse we reject the notion of the so- 
called ^'technological imperative'' the 
idea tha^ we must pursue new tech- 
nological possibilities, wherever the> may 
load Thousands of projects ma> be techni- 
cally feasible, including the destruction of 
all human life on Earth Even among those 
p rojec t s that a ppea r a 1 1 ract i ve at li rst 
sight, careful appraisal ma> lead to the 
conclusion 'hat they will do more harm 
than good. The U.S. Congress drew such a 
conclusion in 1971. when it voted to cut off 
funds for the supersonic transport pro- 
gram, which it had been generously fund- 
ing a few years earlier. 

In summary, the development of new 
technologies is indispensable, the training 
and encouragement of gifted and imagina- 
tive technologists deserves a high priority 
among our national needs, but the multiple 
repercussions of new technology need to be 
critically evaluated before the> are in- 
troduced and constantly monitored after 
their first introduction. Many schemes that 
are technically brilliant must be rejected 



because their wider impact would, on the 
whole, be more damaging than bene- 
ficial. In some cases it would be prefer- 
able, in the eyes of some thoughtful sci- 
entific policy advisers, not to carry a 
pioject from the stage of research even 
into preliminary development, lest pres- 
sures would then arise that would lead to 
its full development. 

Conflicts Involving Scientific Freedom 
and Responsibility 

We turn now to the second item in the 
charge to this Committee, which calls for 
us **to develop suitable criteria and proce- 
dures for the object p e and impartial study 
of these problems " The conflicts that call 
for such study generally lie in the realm of 
applied science and technology, including 
medicine and public health In most in- 
stances they involve the right, and the re- 
sponsibility, Oi an employee to warn con- 
cerning the dangers inherent m some prod- 
uct or process with which he has become 
familiar in th urse of his work; that is, 
the **whistle blowing" activity of which we 
have spoken earlier. The employer may 
put intense pressure on the employee to 
keep quiet; the employee may be fired, or 
lii'e may be made so uncomfortable that he 
decides to resign. Interested parties may 
seek to suppress scientific data that are vi> 
tal for the proper resolution of a con- 
troversy. On the other hand, the employee 
may be acting not in the public interest but 
out of prejudice or spite against the em- 
ployer. To be an **objective and tmpartial" 
judge in such circumstances is not easy; 
one person's "objectivity" looks like bias 
to another. In all ihese cases scientific evi- 
dence IS an ess'^ntial part of the whole situ- 
ation, but wise decisions involve complex 
human factors, ethical judgments, and 
standards of value that go far beyond 
purely scientific argument. We consider 
briefly a few specific cases, before dis- 
cussing criteria and procedures. 

The problem of standards for exposure 
to radiation. A few years ago. Drs. J. W. 
Gofman and A. R. Tamplin. who worked 
at the laboratories of the Atomic Energy 
Commission (AEC) in Livermore. Califor- 
nia, claimed that existing standards for.ex- 
posure to ionizing radiation were far too 
tolerant, and would permit J large increase 
in the number of deaths from cancer if ex- 
posures rose to the allowed levels. They 
publicized their views widely. The chief au- 
thorities in the AEC sharply opposed these 
views and held them to be invalid. Gofman 
and Tamplin eventually left the AEC, after 
what they believed to be consideiable ha- 
rassment, and eventually the AEC did im- 
pose considerably stricter radiation stan- 
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dardt for the protection of workers within 
its jurisdiction. A committee appointed by 
the National Academy of Sciences, \fter 
intensive study, produced a repon, com- 
monly known as the BEIR (Biological Ef- 
fects of Ionizing Radiation) Report (14), 
which stands at present as the most author- 
itative statement on the hazards of ionizing 
radiation. In our full report we consider 
this controversy at somewhat greater 
length. 

The case of the BART engineers. A ma- 
jor feature of the Bay Area Rapid Transit 
(BART) system in the San Francisco Bay 
area was to be the Automated Train Con- 
trol (ATC) system, for which a contract 
was awarded to the Westinghouse Electric 
Corporation in l%7. Beginning in April 
1969, three of the engineers on the project 
became increasingly concerned about what 
they saw as serious defects in the system. 
They expressed their concerns to the man- 
agement but drew no significant response 
except vague warnings not to be "trouble- 
makers.'' Late in 1971 the three engineers 
decided to take their case to the Board of 
Directors; this led to a public hearing in 
February 1972, after which the Board 
voted 10 to 2 in favor of the management 
and against the engineers. The managers 
then told the three engineers that they 
could choose between resigning and being 
fired; they refused -> resign and were sum- 
marily dismissed. Subsequent events vindi- 
cated their concern. The ATC system 
failed on several occasions; the failures 
were jo dangerous that the system could 
not be used, and it became necessary to 
control the trains in the traditional man- 
ner. 

The California Society of Professional 
Engineers (CSPE) initiated an inquiry. 
However, BART's top management 
refused to meet with them, or to offer ex- 
planations to anyo.e. Then CSPE under- 
took a full investigation of the firings, 
which brought out much disturbing infor- 
mation, and the California State Legisla- 
ture set in motion a study, resulting in a re- 
port (the *Tost Report'') which essentially 
confirmed the warnings o** the three engi- 
neers. Although CSPE took tentative steps 
toward a court action on behalf of :he engi- 
neers, the society did not follow through on 
this. The engineers themselves launched a 
suit against BART for $885,000, the out- 
come of which we have not yet learned 
(15). 

The case of date suppression concerning 
the carcinogenicity of vinyl chloride. In 
May 1970 an Italian investigator. Dr. P. L. 
Viola, reported at a cancer congress that 
high concentrations of vinyl chloride 
caused cancer in rats. Up to that time there 
P^l^^^- apparently been no research in the 
tryClics industry concerning the possible 



hazards of vinyl chloride, although tens of 
thousands of workers were exposed to it. 
More than a year later, the Manutacturing 
Chemists .Association (MCA) in the 
United States initiated its own research 
and in October 1972 entered into an agree- 
ment with the plastics manufacturers, who 
sponsored the European research, to share 
information but not to reveal it without the 
consent of the European manufacturers. In 
August 1972 Dr. Cesare Maltoni of Bo- 
logna found angiosarcomas and various 
tumors in experimenial animals exposed to 
vinyl chloride concentrations as low as 250 
parts per million (ppm). At that time the 
allowed exposure limit for workers in the 
United States was 500 ppm. In January 
1973 U.S. scientists visited Dr. Maltoni 
and learned of his findings. However, they 
did not notify the National Institute of Oc- 
cupational Safety and Health (NIOSH) 
concerning these extremely ominous find- 
ings, nor did they make any attempt to 
warn the public or the workers exposed to 
vinyl chloride. In late January 1973 
NIOSH requested information on possible 
hazards associated with occupational ex- 
posure to 23 chemical substances, includ- 
ing vinyl chloride. On 7 March, MCA re- 
sponded by recommending a precau- 
tionary label that made no mention 
of toxic effects on animals or people; in 
other words, it appears to have delibeiately 
deceived NIOSH regarding the true facts. 
Apparently MCA has claimed that the 
withholding of data was due to their agree- 
ment with the European manufacturers to 
keep the data confidential until an agree- 
ment for their release could be worked out. 
The fact remains that, because of the sup- 
pression of these data, tens of thousands ot 
workers were exposed without warning, for 
perhaps some 2 years, to toxic concentra- 
tions of vinyl chloride. On 22 January 
1974, B. F. Goodrich announced that three 
polyvinyl chloride workers, in just one of 
their plants, had died of angiosarcoma of 
the liver since 1971. On the same day 
MCA revealed the Mahoni data to 
NIOSH. The Occupational Safety and 
Health Administration, on 5 April, in an 
emergency action lowered the permissible 
exposure level from 500 to 50 ppm; drastic 
further lowering, to I ppm or less, is in 
prospect {16). 

The evidence here seems clean a consid- 
erable number of scientists were aware of 
the hazards of vinyl chloride long before 
the facts were made available to NIOSH 
or to the public; yet they kepi quiet and 
gave no warning. As the Federation of 
American Scientists states, **. . . industrial 
scientists who fail to challenge conspiracies 
of silence within their firms are not re- 
buked; rather, they are often quietly re- 
warded for their loyalty." 
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In industrial medicine and public health 
similar situations often arise. In recent 
books Paul Brodeur (17) and Rachel Scott 
(18) have described the medical problems 
of workers exposed to asbestos particles, 
beryllium dust, and other hazards. Many 
of these workers develop cancer, or fatal 
respiratory or other diseases, over the 
course of 10 or 20 years; the risk is high. 
Yet the company physicians who look af- 
ter the workers sometimes join their em- 
ployers in minimizing the need for more 
rigorous standards of health protection. 
This appears to be a clear abdication of the 
prime responsibility of physicians or public 
health workers to place the health of the 
people for whom they are responsible be- 
fore all other considerations. Obviously a 
doctor who is paid by a commercial enter- 
prise will f^nd it very difficult to act con- 
trary to the policy of the company. The 
doctor who works for an independent in- 
specting agency will be in a much stronger 
position. Even so, we know from experi- 
ence that regufatory agencies often become 
the subservient allies of the organizations 
that they are supposed to regulate and may 
collaborate with the commercial organiza- 
tion in concealing the hazards. 

Criteria and Procedures for 
the Resolution of Conflicts 

Having now indicated the character of 
the problems, we now turn to criteria and 
procedures that may aid in resolving them. 
We approach the problem of establishing 
criteria by asking questions rather than by 
offering answers. How will the proposed 
decision or procedifre affect human health 
and safety, and the general quality and 
amenities of life, for all the people con- 
cerned? Will a decision to require a drastic 
cleanup of operating conditions in a cer- 
tain industry cause much of the industry to 
close down, with loss of jobs and produc- 
tion? How should such risks be balanced 
against considerations of safety and 
health? What are the possible large-scale 
environmental effects of the present opera- 
tions and of the proposed changes? Have 
possible future effects been carefully con- 
sidered, as, for instance, with the widely 
used aerosols, which liberate Freons that, 
in a decade or two, might (but again per- 
haps might not) destroy much of the ozone 
in the stratosphere? These are some of the 
problems that will have to be faced m the 
formulation of criteria. Obviously it is ''ir 
easier to impose suitable regulations on a 
new enterprise than on a powerful industry 
that is already established, with a huge 
capital investment and with faults of oper- 
ation and production that are already 
deeply entrenched. Thus the need for ''ore- 
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sight in technology assessment is over- 
whelming; yet foresight is always imperfect 
and needs constantly to be corrected by 
further experience. 

We turn now to procedures: how is the 
whistle bio /vcr to be assured of a fair hear- 
ing, without fear of reprisals, and with a 
good prospect that his recommendations* 
if they are found to be sound* will actually 
be put into practice? Many scientific and 
engineering societies have developed codes 
of ethics relating to the responsibility of 
employers and to the professional and per- 
sonal conduct of scientific and technical 
employees. A highly articulate expression 
of such concems is to be found in a state- 
ment on "Employment Guidelines/* which 
has now been adopted by at least 20 engi- 
neering and scientific societies. For the 
most part* it is concerned with the general 
principles that should govern relations be* 
tween employers and employees, but it also 
contains the significant statement: "The 
professional employee should have due re* 
gard for the safety, life and health of the 
puMic and fellow employees in all work for 
which he/she is responsible. Where the 
technical adequacy of a process or product 
is involved* he/she should protect the pub- 
lic and his/her employer by withholding of 
plans that do not meet accepted profes- 
sional standards and by presenting clearly 
the consequences to be expected if his/her 
professional judgment is not followed** (/9* 
p. 59). 

The formulation of such a declaxution is 
a sigi ^cant event. How much it means de- 
pends* of course* on the effectiveness with 
which it is applied. Moreover* these guide- 
hnes* like most such codes of ethics that we 
have seen* lack a very important in- 
gredient* namely* a provision for the arbi- 
tration of disputes. The protection of indi- 
viduals from arbitrary action by authority 
IS deeply ingrained in English common 
law* and the U.S. Constitution provides 
that ''no person shall ... be deprived of 
life, liberty* or property without due pro- 
cess of law.*' We believe that some form of 
due process should be an essential part of 
any employer-employee agreement or con- 
tract* to protect the employee from arbi- 
trary action by the employer, allegedly 
based on professional or personal miscon- 
duct. A minimum requirement for such 
due process would involve a hearing by a 
board, including independent members, 
with the right of appeal to some reasonably 
neutral but professionally qualified higher 
authority. Codes of professional ethics arc 
likely to be ineffective unless some type of 
due process is provided for the resolution 
of disputes. Without this, scientific free- 
dom is likely to be abridged. We therefore 
strongly recommend that all employment 
contracts involving scientific or profes- 



sional employees include such provisions 
for the revie v of disputes through hearing 
and appeal processes. Provision for neutral 
or third-party participation is important, 
particularly when issi»*s of public interest 
are involved. 



Professions! Societies as 
Protectors of the Public Interest 

How active can, and should, profes- 
sional societies be in actively fighting on 
behalf of theii members who are attempt- 
ing to defend the public interest? Most 
such societies have in the past remained 
aloof from conflicts of this sort and have 
often taken the attitude that the purity of 
their devotion to the advancement of their 
respective sciences would somehow be con- 
taminated if they entered the public arena 
to contest such issues. We believe that such 
attitudes are no longer appropriate. The 
scientific community can no longer remain 
apart from the conflicts of our time* where 
so many technological decisions are being 
made that vitally affect the well-being of 
society. We are not proposing that profes- 
sional societies should take public stands 
on large general political issues, such as the 
legitimacy of the Vietnam War, individual 
members of the societies, when their con- 
cern h aroused* should deal with these 
matters by other mechanisms. However* in 
matters directly related to the professional 
competence of members of the society* 
where the public interest is clearly in- 
volved* we believe that the societies can 
and should play a much more active role 
than they have in the past. They can deal 
with such issues by setting up committees 
of inquiry in cases where a serious viola- 
tion of scientific freedom or responsibility 
is suspected, by publicizing the results of 
the inquiry in professional journals, and, if 
necessary, in the more popular j urnals 
and in the news media, and by calling the 
matter to the attention of governmental 
bodies, as with the California Legislature 
in the BART case. They can on occasion 
launch lawsuits on behalf of their members 
who have apparently suffered injustice 
when acting on behalf of the public inter- 
est. 

In stating this, our major new proposal 
for dealing with "the objective and impar- 
tial study of these problems," we are aware 
of the difficulties that the proposal will 
face. The most serious problems aie those 
of time and money. Most professional so- 
cieties have limited funds; many operate 
more or less on a shoestring. They keep 
members* dues fairly small; otherwise 
members drop out* particularly in times of 
economic hardship. The fighting of diffi- 
cult cases, on behalf of members involved 



in controversies, can be a very expensive 
business, especially if the case goes into the 
courts. In any event* responsible scientists 
would be required to spend substantial 
amounts of precious time serving on hear- 
ing panels, studying large bodies of evi- 
dence, and preparing reports. 

When a professional society does fight 
for the rights of its members, it is more 
likely to be concerned with defending their 
status and pay than to be acting primarily 
on behalf of the public interest as its pri- 
mary motive. The impetus to take actions 
of the latter sort is likely to be much less 
strong than the desire to provide direct 
help to members of one*s own professional 
group. 

These are powerful obstacles to our pro- 
posals* but they are not instnerable. So- 
cieties that share common interests* but 
which may be individually too weak finan- 
cially to support such activities* may band 
together in groups to finance the necessary 
operations. There are increasing pressures 
upon scientists, engineers* and other mem- 
bers of the scicr*ific community to face 
these public issues and deal with them ef- 
fectively. These pressures come both from 
the public and from within the ranks of the 
scientists themselves. We are well aware of 
the mistrust and hostility toward science 
that is manifest in many quarters; one re- 
flection of this attitude is the decline in 
government support of scientific research 
in recent years. Such hostility will almost 
certainly grow unless scientists exhibit 
greater concern for preventing the misuse 
of science and technology As these con- 
cems become more intense, it should be- 
come easier for the professional societies 
to obtain additional funds to finance the 
expenses of lawsuits, hearing panels, and 
other activities unc* rtaken in the defense 
of the public interest. Whether government 
funds could or should be available for such 
purposes is open to question; but it is likely 
that some of the major private founda- 
tions, either those now in existence or those 
yet to be created, will see the urgency of 
supporting such public service activities. 
The need for these activities may also lead 
to the creation of other social mechanisms 
for dealing with these problems, of a sort 
that we cannot now foresee. We look to in- 
creased activity of the professional so- 
cieties as the most hopeful approach to the 
problem in the immediate future. 



The Role of the AAAS in the Defense 
of Scientific Freedom and Responsibility 

We now consider the third charge from 
the AAAS to this Committee: "To recom- 
mend mechanisms to enable the Associa- 
tion to review specific instances in which 
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scientific freedom is alleged to have been 
abridged or otherwise endangered, or re- 
sponsible scientific conduct is alleged to 
have been violated/' The domain of the 
AAAS is very broad, including all of the 
sciences ana a large number of profes- 
sional societies which belong to it as affili- 
ates. Hence, by its nature the AAAS can- 
not undertake the role that we have 
envisaged for the professional societies in 
the preceding section. The number of pos- 
sible appeals to the AAAS, if it were to un- 
dertake the responsibility of reviewing par- 
ticular instances of alleged threats to 
scientific freedom and responsibility, 
would be immense. If it were to agree to 
handle some such cases, it would have to 
be rigorously selective and deal only with 
those that were at once so important and 
so broad in scope that they would fall out- 
side the domain of any individual society. 

Because of its multiple affiliations with 
the professional societies, the AAAS can 
play an important part in coordinating 
manv of the activities of the societies. A 
number of the societies, for example, are 
now formulating, or revising, codes of eth- 
ics for their members, which will involve 
policies for dealing with issues such as we 
have been discussing here. The AAAS can 
help to provide an exchange of information 
on these matters among the different so- 
cieties and thereby promote a more unified 
approach to these complex issues. 

The AAAS is already playing a signifi- 
cant role in dealing with alleged abridg- 
ments of scientific freedom, and alleged vi- 
olations of responsible scientific conduct, 
through active discussion of such matters 
in Science, chiefly in the News and Com- 
ment section, but also in some of the lead 
articles and in the Letters section. Since 
Science is so widely read, both inside and 
outside the scientific community, "this is 
one of the most important channels now 
available for bringing such problems to the 
attention of the public. To focus public at- 
tention on such problems, of course, is not 
to resolve them, but it is an essential ctep 
toward such resolution. We recommend 
ibai Science, without any drastic change of 
its present editorial policies, enhance its 
coverage of such matters, particularly by 
inviting distinguished academic, industrial, 
and government scientists who are well in- 
formed on some of these controversial is- 
sues to set them forth in its pages. In some 
cases, it will be desirable to present two or 
more articles by different authors, ex- 
pressing more or less contradictory points 
of view. In scientific controversies, it 
should not be necessary for the champions 
of different views to operate like adver- 
saries in a court of law; the opposing sides 
nrr»sumably should be able to find a large 
a of agreement about scientific facts 



that are not in dispute. The real dis- 
agreements in such cases usually turn not 
on the scientific facts but on the relative 
weight to be given to different kinds of sci- 
entific facts, and on extrascientific issues 
involving political judgment and broad 
general perspectives on human nature and 
human motives. These factors always enter 
into the practical decisions that must be 
made in applications of science and tech- 
nology. When a scientist or technologist 
states a case for action of a certain sort on 
such an issue, it is important that he make 
clear the general presuppositions from 
which he starts. He may, of course, be un- 
conscious of these presuppositions; if so. 
Science should as a matter of editorial pol- 
icy bring them to the surface. This is im- 
portant, both for the rational discussion of 
the issues involved and for the main- 
tenance of public confidence in the honesty 
and objectivity of scientists. 

On rare occasions the AAAS may and 
should become actively involved in broad 
issues that are important and con- 
troversial, as it did when it decided to con- 
duct an investigation of the effects of 
defoliants and herbicides in Vietnam. This 
was an important attempt to obtain scien- 
tific evidence on an issue that had aroused 
passionate controversy (20). The National 
Academy of Sciences, at the request of 
Congress, later undertook a more exten- 
sive study of the same problems, with in- 
creased financial support provided by the 
Department of Defense. The resulting re- 
port of the National Academy committee 
(21) greatly extended and amplified the 
AAAS report; the findings of both are for 
the most part reasonably concordant, but 
some discrepancies have given rise to con- 
troversy (22). These disagreements can be 
resolved later, when it is possible to con- 
duct studies of the Vietnamese forests on 
the ground in a peaceful setting; as long as 
war continues, only aerial observations are 
possible. In any case the AAAS study per- 
formed a valuable service and was in no 
way rendered superfluous by the later 
study of the National Academy of Sci- 
ences. 

This raises the more general question: 
What should be the relation between the 
AAAS and the National Academy in mat- 
ters such as we have considered in this re- 
port? The National Academy has special 
prestige and a unique relation to the U.S. 
government. It, and its committees, can 
speak on many issues with far more au- 
thority than the AAAS, and it can gener- 
ally cc nmand much more financial sup- 
port for its investigations. However, the 
AAAS, with its much broader member- 
ship, is more widely representative ')f 
American science in general, and its 
greater independence from governmental 



ties gives it a greater freedom of action. 
Both organizations cleariy have very im- 
portant and somewhat different roles to 
play in the maintenance of scientific free- 
dom and responsibility. 

The problems we have been considering 
here will certainly continue and will prob- 
ably become more numerous and more 
acute in the years to come. We hope that 
the concern of the AAAS will continue. 
We suggest that, not more than 5 years 
hence, the AAAS should reexamine the 
whole problem, perhaps by setting up a 
committee similar to this one, to see where 
we stand at that time. Alternatively or in 
addition, it might set up a committee to re- 
ceivr complaints concerning violations of 
scientific freedom and responsibility and 
refer them, when possible and desirable, to 
appropriate bodies for fu her study and 
possible action. Such a committee should 
no? itself serve as a judicial body; its func- 
tions should be to refer complaints for pos- 
sible action elsewhere and to analyze the 
information received, with an eye to pos- 
sible recommendations concerning future 
policy initiatives by the AAAS in the light 
of this information. The terms of reference 
of such a committee would need to be very 
carefully drawn, to prevent the committee 
from being overwhelmed by a mass of un- 
manageable complaints. 
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